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Tetrahedron, 1960, Vol. 11, pp. 1 to 10. Pergamon Press Ltd. Printed in Northern Ireland 


THE REACTION OF DICHLOROCARBENE WITH AMINES* 


M. SAUNDERS and R. W. Murrayt > 


Sterling Chemistry Laboratory, Yale University, New Haven, Connecticut 


(Received 7 April 1960) 


Abstract—Dichlorocarbene reacts with secondary amines to give the derived formamide. With 


tertiarv amines, amides are obtained which are the result of rearrangements and Hofmann eliminations 


in an intermediate nitrogen ylid. In one case, trimethylamine, a compound was obtained whose 


analysis and properties are consistent with those expected for x,%, }-trichloroethyldimethylamine, V. 


THE intermediacy of dichlorocarbene in the basic hydrolysis of chloroform first 


suggested in 1862 by Geuther' has now been convincingly demonstrated by the 


kinetic results obtained by Hine* and by the structural evidence presented by Doering 
and Hoffmann*. The carbylamine test for primary amines, discovered in 1870 by 


Hofmann‘, has been interpreted as the reaction of dichlorocarbene with the amine 
by Nef® and later by Hine. Recently Smith and Kalenda®, in the preparation of 
amount of 3-diethyl- 


various substituted isonitriles, reported the isolation of a smal 


aminopropylformamide when 3-diethylaminopropylamine was treated with chloro- 


form and potassium hydroxide. These authors attribute the formation of the amide 


product to the hydrolysis of the dichloromethylamine intermediate resulting from 


the addition of dichlorocarbene to the primary amine. Thus, the dichloromethylamine 


intermediate in the case of primary amines generally proceeds to the isonitrile but 


may give the formamide derivative in some cases. 
The object of this study was to determine the nature of the products, if any, 


resulting from the reaction of dichlorocarbene with secondary and tertiary amines. 


A series of secondary amines was treated under conditions where it has been clearly 


established® that dichlorocarbene is produced. A benzene solution of chloroform 


was added, dropwise, to stirred mixtures of the amine, benzene, and potassium 


t-butylate. Precautions were taken to exclude water prior to, and during the reaction. 


The reactions proceeded smoothly to give varying vields of the derived formamide. 


Diethylamine, dimethylamine, diphenylamine, and piperidine were treated in the 


manner described to give diethylformamide, dimethylformamide, diphenylformamide, 


and N-formylpiperidine, respectively. Yields varied from 31 per cent in the piperidine 


case to 0-3 per cent in the case of diphenylamine. [he poor yield from diphenylamine 


can be attributed to its very weak basicity. The reactions were invariably accom- 


panied by the production of large quantities of brown polymeric material. When the 


reactions were carried out without using benzene as solvent for the chloroform and 


* Preliminary Communication: Tetrahedron 6, 88 (1959). 


+t General Electric Company Feliow Chemistry, 1957-1959. National Science Foundation Summer 
Fellow, 1959. Proctor and Gamble Summer Research Fello 1958 
t Present Address: Bell Telephone Laboratories, Murray Hill, New Jersey 
! A. Geuther, Liebigs Ann. 123, 121 (1862) 
2 J. Hine, J. Amer. Chem. Soc. 72, 2438 (1950) 


3 W. E. Doering and A. K. Hoffmann, J. Amer. Chem. Soc. 76, 6162 (1954). 
4 A. W. Hofmann, Ber. Dtsch. Chem. Ges. 3, 767 (1870) 

> J. U. Nef, Liebigs Ann. 298, 367 (1897) 

®* P. A. S. Smith and N. W. Kalenda, J. 


Org. Chem. 23, 1599 (1958) 
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potassium t-butvlate, the yield of s reduced and the amount of polymeric 


material produced was increased yin t the reaction at room tempera- 
ture led to reduced yields 
lorocarbene on the amine to 


Tl e reaction proba 1h proceeds by 


tiny medial been postulated 


observed amide 


lished 


ssful 
been 
have 
ireal- 
ested 
ebis- 
and 
ion of 
ipub- 
study but these 
illine 


nido- 


amidodichlor- 
The amidodichlorides 
hydrochloride 
reported the 
le was treated 

and deliquescent 


ns reasonable 


observed amide, despite 


placed 
1} the 1 | 
Was us tne trivia 


iorotorm to tormatc followed 


2 
ig 
| 
i by S th and Kalenda This mtermediate then proceeds to the ee: 
under the reaction conditions or work-up 
R.NH R.N ¢ RN H 
da the echanism present 1 above 
ind 
d form: ‘ ro ori naodic 
ished work Rec \ owever, Janz and Danvyiuk a ta 
thors { ra nits salt structure, [CH.CNH~ CIHC! or 
De compound formed. They indicate that no evidence was found for the acetarill a 
dichloride structure 
Wallact and von Braun". have postulated the forma 
ides when amides re re ca With pnospno;rus pr OTIGe 
Ye were not isolated ever. Stephen and Bic ave 1sok 
of NX pheny al loride 4s aree ve prisms Hi 
formation vid godin onde wheel aime vib 
with nhosgene juthor described this product as unstable 
In view of the reported instability of the dichloromethylami 
a to assume that | termediate was hydrolyzing to (th: 
precautions tab to vater during the reaction 
explanation p ISIC YOrorysis O eon ‘ 
by reaction wit amide preciuces 
kel, H. I Bank ‘ 
G mer. Chem. Soc. 81, 3% 
o.W inn. 184 
‘J von B Ber. Disch. Chem. Ges. 35 


The reaction of dichlorocarbene with amines 


When tertiary amines were subjected to the conditions described above a variety 
of products was observed depending upon the structure of the amine used. Benzyl- 
dimethylamine reacted to give N,N-dimethylphenylacetamide and dibenzyl. Forma- 


tion of the amide product is most likely due to a Stevens rearrangement of the 


initially-formed nitrogen ylid. This rearrangement, first reported by Stevens et al.!’, 


involves a 1,2 shift of a methyl, benzyl, substituted benzyl, phenacyl, allyl, or 3- 
henvipropargyl group in quarternary ammonium ions. Migration of a benzyl grou 
in the initial vlid. Il. formed by addition of dichlorocarbene to benzyldimethylamine, 


followed by hydrolysis of the amidodichloride, III, could explain the obset ved product. 


ondiviol 


3 
CH, Ci 
CH N CH, CHs— CC; N CH, 
> 
tes 
CH, 
- a The ylid, 11, presumably also could undergo a rearrangement of the type reported | 
by Somme}let'’. Such a rearrang ent involves attack in the arol lic nucieus orino 
to the substituent followed by rearo1 zal 1 Ol the intermediate exometnyiene 
compound The rolvz¢ produc ch a rearra emeé case Would Dé 
a N.N-dimethyl-O-toluamide. None of this product could be detected in the reaction 
mixture 
CH 
4 
« .CH CH 
N—CH 
CCL Un, 
CCUs--N 
bd CH, 
CH, CH, 
CH CH, 
Cc N CCl N 
H CH, 
Wi nar lar irterna;©ry | \ inderg Ste n or 
‘ r a particula ‘ i 
Somme)let rearrang nt r bot ‘ dene nt base al tior ised 
ammonium ions are all know » dem ng 
on the Cams Phenyl lithiu y de o1 ethoxi ended to give 
r. St E. M. \. B. Cu M. McN < j 
Ch j 205 
G.W R.M G.1 inn. 560, +8 
Kk! dj ( 
S.-W. AK i¢ Ann Chen 73.4 } 
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the 


leading to a 


and a quadr upk 


x hydrogen of N.N-diethy! 


* NMR 


The reaction dichior arbene with amurn 
The other product nov ihe infrared spects Ol an amc nucicar magnetic 
a resonance spectrum (NMR) of this « Fig 
at ¢ ind rit rest (Sp »b 
substituted 
| 
" 
P| 
ar? 
N-CHe- CH, 
N 
il roon ter perat the tw ethy rs te 1 tre el rye are non- 
equivalent When the amide ts heated the barrier to rotation 1s passed rapidly 
licthylamino group rotates freely and t two ethyl groups become equivalent 
single ethyl group spectrul Ihe spectrur ilso has a doublet at &8-38 
EEN at 5-51 which are assigned to the remaining methyl group and the 
given ar amethy 10-00 p.p.n 
D. Pt Io P| 23. 1% 
ae H. S. Gutowsky dC. H.H I, Chem, Pi 25, 1228 (195¢ 
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Trimethylamine wa 20 


and then treated as described previously. 
In this case, the evaporat lj lation u irate the crude reaction product 
from tars produced in U on was characterized the ction of an acidic 


vas ana ne il j il ite was resuD imed 


several ti is solid turned brown 


upon stand t decom d at ca. | eac na gave a liquid product, 
(11 mm) 

liquid decomposed 

ire compound (Fig. 1) 

ipproximate three to one ratio 

ier and weaker peaks, respec- 

iqueous base it gave 

juid product When 

liate, copious 


1a gas phase cnromato- 


indicates 


spectrum 


nitrate to give 
the basis of the evidence 
iloroethyidimethylamine 
imine is undoubtedly the 
same as thi e formation of oropropionamide in the triethyl- 
amine reaction ver, : : hydrolyze to the amide as readily. 
An attempt 4 an authent ample this amine from the amide and 
phosphorus *ntachloride failed 
No final conclusion about the mechanisms of the last two reactions described can 
be drawn at this time. However, cert: aspects of the reaction deserve comment. 


Apparently an «.%.) trichloro an is formed in each case. but hydrolyzed during 


work-up in the triethviamine reaction. It may be noted that this 1s the expected 


result of a Stevens rearrangement where the product has been chlorinated. The 


ultimate source of this extra chlorine must be chloroform. In strong base, the most 


‘ 
6 
ae 
ig 
a 
poe white precipitate was formed. The product of this reaction ha —— 
graphy ntion time which was identical wil for authentic N,N-dimethyl-¢ 
imposab! yn that of authentic N.N- chk cetamide On the Dasis of the 
wit he in 
evidence g en the iid pro ct \ ppeal a oro-amine 1} e | roduct 
partia decomposit no au Gis ALLO! | ¢ phe 
i that it is a tertiary amine since there is no NH absorption. Since the NMR quumiamms i 
“e ‘ndica that th mn i has o vo kinds of protons and these in a three to oe 
one ratio. only struc V and VI see! warra considerauo for the 
mr iy b “1 to react wilt ver nitrate 
id 
CH N CCl 
CH CH 
vi 
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likely mechanism for chlorination is “positive halogen transfer’’.**-*! which is 
nucleophilic displacement on halogen. The halogen donor may be chloroform itself 
luct. t-Butyl hypochlorite may well be the actual chlorinating 


reacuion proauce 


formed under similar conditions. 


as suggested®™ in explanation of a reaction pet 
mal product vens rearrangement is obtained, and since the 


Lio! *cilic, iV t l the chlorination occurs at a stage before the 


chlorina 
limination o from the normal Stevens product 


rearrangement: however, ¢ 
eneamine has not been ruled out. Further 


followed by chlorination of the resultin 


n progress 


work. which may illuminate the mechanism, in | 


tirred 
re was 
yncen- 
h was 
After 
nm. The 
rmamide;: 

arried out using benzene 

vield was 
When the 
(0-24 mole) d 


ide is produced 


(0-15 n ) 


mixture st 


benzene 
600 ml 
solution 


was added dr 0 g (0-24 
three-necked flask eq cooled to ca 10° in a dry 
ice-trichloroethylene ba the reaction mixture was allowed 
to warm to room temp ind was stirred for an additiona The reaction mixture was extracted 


* All melting and bo g points are 1 ted ( tré a Perkin—Elmer 
{ net tic ra were 


C orporatior mode 
Gas 


taken with a Varia a lig ul ar magi 
a rapn n hromato- 


chromatograms were ru ilkir nstrum i 
grap Analyses were p ned bj I roanalytica boratory, Woods 17, N.Y 
M. Ballester, C. Molir a Rosa, Tetrahe 
*R. Altschul and P. D. Bartlett, J. Org. Cher 
J Leffler, J dimer. Cher 75, 3598 (1953 
M. F. Hawthorne, J. Amer 
H. Finkelstein, Ber. Dtsch hem. Ges. 43, 1528 (1910) 
* J. V. Backus, R. W. West and M. A. Whitely, J. ¢ } 
R. Willstatter and V. Hottenroth, Ber. Disch 
*? M. Weizmann and J. Edlitz, Bull 
4. A. Perret and R. Perrot, Bull. So« 
“Ww. i Parham, F. ¢ Loew and I E. Schweizer, J. Org. Chem 
8O. Wallach, Liebigs Ann. 214, 271 (1882) 


Soc. 77, 5739 (1955) 
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EXPERIMENTAI 
Reaction of ci yform, pol m t-Du ale, and di The react Ol pota im metal 
(23-5 0.061 i10-6l.d i (distilled f ilciu ydride) t-buty was carried out with 
stirring al ri ten fl quipped 1 reflux cl nda aryl tube 
and kept der a mit tive ire prepurified ur | Atte tne I ad completely 
LISS dul ) is I a ine ar Cie tner 
idded 100 ml (71-0 g, 0-9 liethy id been carefully fractionated. The flask 
cor hath 1 at ca. 5-10 4 solution of 
at room temp for + her After adding n NaQOkh, (10 aqueous solution) stirring 
was continued for an additional hour Ihe benzene r was separated off and concentrated to 
ca. 10 ml. An infrared spectrur f the residue showed amide present 
Reaction of dimethylamine, chioroform, and pota {-Dultviale slurry was made of 
and potassium butylate, produced by diss¢ ng 38:3 ¢ (0-98 mole) potassium metal 
t-b hal and rer ny Chloroform (117-5 0-9R mol nb 
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with 300 ml water and the aqueous lavers backwashed with ether. The combined ether and benzene 
solutio ! magnesium sulfat The ether and benzene were distilled out in vacuo 
The dark 1 i is dist ar aporatiy | he fraction boiling from 80-165 at 20 mm 


was redist throu fractio lun met ormam . 3°.) distilled out at 59 


(19 mm) red st im of t wi ’ mpos with that of an authentic sample 
of dimet! 


Reactior potassi te lurry of potassium t-butylate, 


prepared fron ‘ tal anc I vas added 86-2 g (1-01 mole) 


ene bath 
rred 
room 

and 


vashed 


Reactio net ore cl pm f To a slurry of alcohol- 


free as f t t ron tassium metal) and 500 ml benzene was added 


28-6 2 21 mole) benzyid ’ he amu was prepared from the reaction of benzyl 


** ©. Wallach 


8 
a 
solutio f 47-99 (0-41 rotort » 100 benzene was added, dropwise, to 
a ether added to precipitate p ssium chloride. The pot c ride was filtered off and Val 
“e well with ether. The combined benzene and ether ere distilled in vacuo. After removal of 
ether, de and t-t le distilled at 50 ‘bp. 108 (14-15 mm) 
Yield w (31°). The infrared spect the pr ct was identical to that of an authentic 
sampic N-f wpe»rid ca DOV rel rT } acid 
cl 80 benze te rry of 200 benzene and 
diphenyla ec. W id of for s complete, 1001 ater dded 
and st \ ddit The be ne lave! eparated 
and concentrated 6 
sample of d torn I Yield, by trare neasurement s 0-028 g 
0-34 
+-0 mole rmuc ac +4 re vate! The hite 
Re f i rrv of ak free potas- 
teria is \ tl ira t is pna chroma ‘raphy 
ce owed the presenc roduc One of the | t the ! retent time as 
authent de. It trare rect! i ibic th that of authentic diethyl- 
for Yield 3-4 5-2 The nd comp ad rer ret n time than 
co) Tae diet i le. | ed spectrun dicated the pre f a disubstituted amide. The NMR 
spe comp hac ‘ rtet $-S1_ neak at et peak it 838. anda 
tively I c | it 6:7 nd ! gence [or presence a diethyl- 
rema methyl! prot f N.N-d amide, respectively. Yield was 4°38 g 
Zt, aes (12:1 . (Found: ¢ 1-6: H, 874: Cl, 21-6; N, 8-58. Calc. for C;H,,CINO: C, 51-4; H, 8-62 
Cl, 21-7; N, 
iehies Ann. 237, 251 (1887) ; 
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chloride and dimethylamine; b.p. 81-5-82:5° (23 mm). Chloroform (100-5 g, 0-84 mole), in benzene 
solution, was added, with stirring, to the cooled reaction mixture. When addition of the chloroform 


solution was complete, the dark reaction mixture was allowed to warm to room temp and was stirred 
for an additional hour. The mixture was extracted with 200 ml water and the aqueous layers back- 


washed with ether. The ether—benzene solution was dried with magnesium sulfate. The dark solution 
The thick, dark oil obtained was transferred to an evaporative still and 


was concentrated in vacuo 
all volatile material collected. The final stages of this distillation were characterized by the sublimation 


of a pale vellow solid. The gas phase chromatogram of the distillate showed the presen of two 
| 
major components and several minor components. One of th jor Components had a retention 


time identical to that for authentic dibenzyl. Its NMR spectrum and infrared spectrum were identical 
to those for authentic dibenzy! * material obtained by gas phas | 


was resublimed: as 49 
peak area The s ( omponent 
component it mposable 


of authentic N,N-dimethylphenyl: a sam inis n va rystallized from ether 


dimethylphenylacetamide 


at low temperature 


from gas chr 


The authenti yiphenylacetam pa mt yn of th 1 chloride 
and dimet! mole) 


NMR spe 


When a of 201 (0-00114 
aqueous 5 0-034) 1 


pr ICCK 


combined ai 


skin irritant 


residue 


ol N.N- 
ot 


showed the 


dimethyl-x-chloroaceta 


authentic N,N-dimethy! rf ni i the amide from ga 


was 0-072 (52°.) 


The liquid product gave a picrate of %,%,/-trichloroethyidimethylamine, ' f (Found 


C, 29-6; H, 2°73 , 13-8; Cl 2. CyoHy, NyCl,O; requires: C, 29-8; H, 2:97; ; Cl, 25-9%) 


The solid material (A) which sublimed during the course of the evaporative distillation was 


a 
E 
LIC N.N- 
th that 
ees. it had m.p. and mixed m.p. 38-40" (Kofler block). Yield was 1-1 g (3-19%), : 
EEE Omatogram peak area. All efforts to separate the mixture of minor components present 
: b and distillation were fruitles None was present in isolable quantit: 
~ 
thionyl chloride Ihe mixture was refluxed for 4 hr and thet poured cautiously into an ice-cold 
solution of dimethylar e in wate! The solution wa lade isic With aqueous sodiun vdroxide 
It w tr writ thas nad th ther i nacneciim fot ther wa 
“> distilled off to give a yellow « The product was purified by gas phase chromatography and by 
three recrystallizations from er at low temp, m.} 40 
React oj i el wine, chiorof fa wn t-Dutylat \ slurry was prepared trom 
. 
300 ml benze and alc ol-free p sium t-butylat from 35-2 g, 0-9 mole potas m metal) and 
cooled to ca 10 Tr vlar e (13-3 QO-23 1 e) was added and the rred <ture treated, 
| usc pric i | | 
stirred i 1dditio US reactior nixture was extracted with water and the eOus : 
; layers backwashed th ether 
Th 
After drv with ma m fate the olution is concentrated ine ck dark 
ina Staves Of U ad tnere LU) get | and 1 CT { \) 
formed on the still cold r. Apor of the dist te was tt erred to a Piros—G rs] ng : 
band column and redis ed. After removal of be d t-but col ic ric d distilled 
at (16 mm) il yield is 2:32 (5-73 amou terial pl ent as 
hvdrochloride When t dist it vas attempted at n pre complete decor t f the 
product occurred. The di ( id a sweet, pleasant odor and lost HCI s ding. LR ; 
(CS.) 3-56 (m). 75tn 39(s). 9-Ri(m). 10-19% 11-64 1?-90-13-00 14-10 
14-1 5(s) The ctr m of thi quid had a sharp peak a 42 and one at ¢ } ipprox- 
imate 3:1 ra ly 
th nid product treated n 
reac ed at room temp (magnetic stirrer) for 0-5 hr. The benzene 
— s separated off and the aqueous layer extracted 3 times with ether Ihe organic layers were 
EEE Concentrated by d ut on the steam bath. The residue which contained a strong 
ia MEE was analyzed by gas phase chromatography. In addition to solvent peaks the im 
EEE: sence of one major component which had a retention time identica oo 
es ide. The infrared spectrum of this product was superimposable wit c 
chromatogram peak area 
ab 
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FURTHER ASPECTS OF THE CHEMISTRY 
OF CIGARETTE SMOKE—II* 


(CLEMO 


Abstract By 


potassium 
Although 
ha 


known Care 


Lillis 


in Northern Ireland 
The Laboratory, Cherryburn, Mick! n-Tyn 
. 
(Re ived 20 May 1960) 
simy than tat t ( ( ind ¢ 
Cac trac (M Pape i ound 
Dex solated Dy cl tograpny C vA elling and app » be H,,.O 
oo IN Part I, Table records the results obtained in a preliminat Kamination of the 
ae esters of the simpler acids tn the very « p | mixture in the ke. Of the total 
Saturated and 1 aturates ers | sent to about th a In view of the 
possible important role the acids might pla 1) per; t nas peel urther 
a analysed, through tl ndness of Dr. R. V. Crawford? and shown to be more complex 
than was suggested earlie! 
chioric acid extract obta alter acetic las removed tne re strong DaSsic 
ympounds cont ms Cant al ) | | R ibsorption spectrum 
suggests the presen yf a lactam group, and which does not appear to have been 
mentioned previously 4 curious point found in working up this material is that 
successive treatments will yarocnio icid eliminated small amounts O! a! utral 
material whose properties ld al ys agreed will entriacontane (H.T.C.) although 
this does not form a Col plex vith nicot sell 
V/ This fraction (Part I, Table |) contain e neutral compounds including the 
hydrocarbons and the nitrogenous mate! not removed Dy rochnioric acid, OF 
im an imert solvent Dut are removed Dy tniun aluminium hyarid 
Mi contains a proportion of aromatic ydrocardons mucn WOTRK 
yne in recent years on tl ylation and identification of any member with 
action and especially of 3:4-benzpyrene. From spec 
eV EEE pound appears to be present to the extent of about | p.p.m.? and its 
presence appears to ive Deen contirmed n W der and Hof! in Stal tnat two 
crystals of the compound were oDta 1 by th ublimation of the product trom 
paper chromatoegral Ihe fraction as a whok appears to be irkedly 
terpenoid including steroid in character und only a slight separation can be effected 
I: G. R. Cler 3, 168 
ic IR h 79, 74 
H. R. Ber dj.G.B { 83, 44 1958 
a 


lete separation results 


ite a 


pecn 


mount of M 


4 
12 further aspect the chermustry of cigarctt< NOKC il 
1, 
by distillation in a molecular still at A more 
ymatography on alumina products whose analyses indica 
d with t Ley hor cyclic and a C,,H,, compound 
ree 
to 47-148 \ H 
ei ind is. W t by Dr. F. J. MeQuillin , 
fit Medical Research Council 
if 
| ( | ro » R | and | rench 
ge only two br is of poy r tipped cigarettes have been so far examined it has fom 
> ae found that the tips effect approximately a 7 per cent reduction in the 7 ££ 
Heilt W ilk ins 44 
4 
i 
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100 g of tobacco) an st all the neutral compounds described above can be 


s of course possible that the 


(per 


isolated from the smoke o 


lipped cigarettc 


njiurious 


Scicclively remove Sore 


EXPERIMENTAI 


MW 


| 
\ > i ina d Mls are by Drs. Weiler a U “on 
‘ Or FJ. McO 
Cuckn 
0 Pe). er) 
| 
NM 
V/ \\ 
Ci 
j 
10 n 
W ir f H.T.A parated and 
ed at 80°/2 C, 87-8: 87-7: H, 118 
I2-1. M,199. C,H, re C, 882; H 8; M. 204). 7 howed sturation 
C, 86-4; H, 13-0. C,,H,, requires: C, 865; H, 135°.) 


Gas 
14 Further aspects of the chemistry of cigaretic smoke 
‘ Fraction b. When treated as for a gave a thick oil, b.p. 130°/2 mm approx (Found: C, 87:8, 87:8 iq 
H, 11-9, 11-7; M, 278, 286: es: C, 882; H, M, 272.) 
C..H,.O 1 C. 84 H O.F9 M. 4 ) rex C, 84-9; H, 11-3; O 4 
redu H N.T.P et C..H,O indicated five 
/ re i re ol the adove Com- ae 
10 ine iter rec rea 
or \ e 161 O15 g) rave colourless 
Fra This 0-28 d ed in light pet - 
trac er dul 
the 135-137 
‘ 
C._&83-94_H is ( H ( H ) ( H 
< 
| ( ( ) ( Hi 
H | feb eM R ( for a int to deiray U cost 
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ARYL TELLURIUM TRIHALIDES 


Abstract 


‘and by Rheinbo 


ted 


this Work several llurit 


Ss 1 udains new ones (II] 
S—C.H,, ble 1) wet 


compounds were I 


liu Suiphide in accordan 
and Kirschbaum” giving rise corresponding diary! ditellurides (V) (Table 
S.9H.O 

> Ar 


[he preparation of di-p-hydt henylditelluride (V: Ar p-HO 
possible due to decomposition W 


gH,) was not 


aration of tellurium. The use of m 


mild reducing 
agents led to the same results. 


Ilberg 

npbell and I 

Research 4, | 

*H. Rheinboldt and G. \ 
Reichel 


(195 45, 7543 (19 
centini, Chem. Ber. 89, 624 (1956) ; 
and E. Kirschbaum, Ber. Disch. Chem. Ges. 76, 1105 (1943) 


a letrahedron, 1960, Vol, 11, pp. 15 to 21. Pergamon Press Ltd. Printed in Northern Ireland 
N. PETRAGNANI 
Departamento de Qu ca da Fac Ciérx Letras 
2 Universidade de Sao P B 
(Re June 1960) 
telluriun the ft corres les is 
ARYL tellurium trichlorides (111) were prepared Dy Morgal! DY the action ol 
ae tellurium tetrachloride on aromatic compounds having an activated para position. 
oo This method was used later by Reichel and Kirschbaum! for preparing compounds 
of type and by Reichel and who synthesized tellurium trichlorides derived 
ao from ¢ 1c. Campbell and Turner’ developed a method based 1 the reaction 
of organic mercury compounds with tellurium tetrachloride in dioxane 
i 
diox 
Ar—Hg—X + TeX » ArTeX HgX, dioxane 
x CI 
lhe advantage of this procedure used by Farrar | it and Vicentini* 
permits the use positions 
In \r 
p-C,H 
1). 
* Present address Escola Politécnica da U.S.P. Praca Cel. Fernando Prestes, 74 Sdao Paulo, Brasil 
The experimental part of this work was executed in 1953, being part of the thesis oriented by the late Prof 
H. Rheinboldt 
: G. T. Morgan and H. D. K. Drew, J. Chem. Soc. 2307 (1925) . 
; G. T. Morgan and R. E. Kellett, J. Chem. Soc. 1080 (1926) 
M. D. K. Drew, J. Chem. S 233 (1926) 
2 R 1 E. Kirschbaum, / gs Am. §23, 211 
ler. Dtsch. Chem. Ges. 76, 1108 (1943) 
( < 1 
<4 


N. PETRAGNANI 


Verv little is known of the aryl tellurium tribromides. Morgan et al.** described 
incompletely two tribromides while Vicentini ef a/.'” prepared 2-naphtyltelluriam 
tribromide (Ill: Ar = 2-C,sH,;: X = Br) 


ARYL 1 LURIUM RICH 


M.p 


Arvl tellu m triiodides re ul until the 1 nt. The synthesis of these 


compounds using tellurium tet le and tellurium tetraiodide is not recommended 


due t ie | activit these llurit etrahalides Ihe preparation of tri- 


bromid t dide venolysis of the ditellurides (V) proceeds without 


difficulty a antitatty I ables 2 and 3) 
> 2ArTeX 
iil 


Chem. Ber. 92, 40 (1959) 
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® 

Cak Found 
64-5-165-5 (d jark es 10-44 0-60 
COLIC 
c ac 

TeAr 
\ | 
\l n \ 
Cor 
4.4 ‘ ()-()8 19-8 
i} 

) ed needles 4()- 78 4()-7] 

er (50-70 ) 

AK or,! : 

*H. RI ndoidt Priva communicatior 
1° G. Vice E. Giesbrecht and L. R. M. Pitombo, . 
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Aryl tellurium trihalides 


ARYL TELLURIUM TRIBROMIDES 
Ar—TeBr, 


Compound: Ar M.p Analyses Te °% 
Found 


yellow needles from 26°81 


In this l int Int OUl nat he hal lysis of the 


diaryl diselenid ives I to aryl seleniu ihalides™ a ry! 1eny! halides!* 


depe nding 


Aryl selenium trihalides are table, and can give rise ryl selenenyl halides 


by loss of halogen 


The attempt LO ‘pare tellureny! halide y the ntrolled halogenolysis of 
diaryl ditellurides (1 m itellurid mole of halogen) was not successful. 


indefinite compounds being obtained,* with the ex ‘ption of 2-naphtyltellureny| 


iodide, prepared in pure and crystalline 


Stuttgart 


TABLE 2. 
a CH.O 188-190" (dec) 
acetic acid 
C.H.O 195-205” (dec) yellow plates from 26°12 26°53 
t 
¥ 
O 206-5—207 orange plates 23-78 23-61 
rom acetic ack 
7 3 3 
cetic acid o1 
vetrole 
ether (50-70 ) 
= 
159-160" (dec) 25-80 25-85 
} 50-70 
the molal OF The Narogen used: 
ArSeSeAr 3A > 2ArSeX 
Vil x Cl.Br 
ArSeSeAr >» 2ArSeX 
Vi Vill 
ArSeX >ArSeX x 
‘ ‘ * H. Rheinboldt. Private communication 
“ 1! Houben-Weyl, Method O n. Chemie (IN Ed.) pp. 1130, 1132. Georg Thieme Verlag, EEE : 
(1955) 
; a, 12 Houben-Wev!l. Methode r Organ. Chemie (lV Ed.) pp. 1161, 1164. Georg Thieme Verlag, Stuttgart 
(1955) ’ 
Houben-Weyl, Methoden der Organ. Chemie (1Vth Ed.) pp. 1162, 1166. Georg Thieme Verlag, Stuttgart 
(1955) 
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3. ARYL TI R REODIDES 
‘ 

d 

1-04 

8-84 

20-07 

| nrenat ind ny this 

by 
Mear \ HO—C,H X 1) re 

TeA, + SKI + HO-~ el. 

+ an This reaction fa potassium bromid the starting material being 
5 
= 
Drew? fo ting p-phenoxyp rium. tric (il: A 

aC H.—O—C,H, point ig 


Aryl tellurium trihalides 


was similarly treated with > purpose of ' Aichi 
(X11). decomposition occurred 


hlor thiophenoxtellurine 
Starting tron le ori 


compound was prepared 


7 
x 
J > 
y 
By reduction of XII wi dium sulp et p oxtellur (X11) was obtained 
a in very good vield 
4. 
EX rAl 
\ 
| 
‘aA. N. N / 62, : 


> N. Pers 
) 
R 
D 
Tri 
(0-04 is . ) 
ree 
p-M iil Ar CHOC TOC’ was ir 
‘ 
“as nared by tre j ¢ corresp irichiornc cthan with Cxcess aqueous 
potas n iodide 
T? trnodidcs re spar irk sua ry cs ents Dul re x ible in An 
cxceplion yvdroxyphenyitellurium truodide which ts ble in water, methanol and cthanol 
igus 


ne 
| | 
Aryl tellurium trihalides—I 
| 
10,10- Dic! XII). 0-005 
d ‘ | bic d 
‘44 
— 
| 
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THE CONVERSION OF PODOCARPIC 
ACID TO NIMBIOL 


Abstract P 


Tetrahed 0. 29. Perga Press Lid. Northern Ireland 
R D.S ( nanv. ¢ ca SO. | 
: 
‘ 
é re) R=H 
Rel} 
( 
: 
O ind readily av: ble bv the 
as lll. The hydroxy ene on the 
(V) would be complicated 
vel n of the C-9 met! ene 
tr t ar el ene ré tO Lit enyde most 
R H. | j N ) {) 
p H. N. K 
HH K | ( 
D. Tod A ‘ 62. P. ¢ ipt | D. Tod 
64 
© > 75) 27 10¢ 
U.S. P U.S. I 2 014 (1956); U.S. I 854.474 (1958) 
U.S. Pat. 2.767.162 (1956) 
te 


The conversion of podocarpic acid to nimbiol 


conveniently by oxidation with chromic acid—sulfuric acid in acetone.® The alcohol 
(1V) was smoothly convert to the aldehyde (V) using these conditions. The work 
of Campbell and Todd”’ indicated that the Wolff-Kishner reduction of this aldehyde 
through the semicarbazone (V1) would be accompanie partial iethylation of 
the ether. In view of this anticipated demethylation, the crude reducti | luct (VII) 


17 
was remethylated. ler to asce! fa C-7 alkyl group would under: yxidation 


under conditions similar those which we had previously em] {7  intro- 
duction of a C-9 k group, methyl O-methyl-7- ate \ ubjected 
to these conditions. Methyl O-methyl-7-p y 1-9-1 sodocarpate was obtained 
good yield. Application ol these oxidizing conditions to the crude remethyl: 


lline solid having 


Wolff—Kishner reduction product (VIII) gave an easily isolable crysta 


the structure Ib. This material was shown be identical with nimbiol methyl 


by a comparison ol physical constants | Table 1) and by a direct comparison of the 


substances (no depression of ting point on admixture; identical infrared 
absorption spectra; identical ultraviolet spectra) Demethylation of the ether Ib with 
pyridine hydrochloride gave the corresponding free phenol la. The physical properties 

this met iS sugge l bya bservation made by Dr. Robert R. Burtner. The reagent 


was prepared by dissolving chi a ) and nc Sulit acid (110 n In water tal volume 


500 ml). See K. Bowde , i * H. Jo : Weedon, J c. 39 (1946). 


j 
- 
| 
> 
| 
x 
| | 
J 
| 
| > loa 
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2) were in good agreement with those reported for nimbiol; 
identical infra- 


of this phenol (Table 
direct comparison (no depression of the melting point on admixture; 
red absorption spectra in KBr) proved that these two substances were identical. 


Remethylation of the phenol (la) gave the starting methyl ether (Ib) 
rhis conversion of podocarpic acid to nimbiol thus confirms the complete structure 
assigned* to nimbiol by Choudhuri et a 

Our first approach to the synthesis of VI was by the Rosenmund reduction of the 


1 


4 
Taste 1. Comparison of Ib ARED FROM PODOCAI ACID WITH NIMBIOL METHYL ETHER 
Ib 49.144 229-5 000) 
13.900) 
ce 
Nimb ether $2143 $3 229-5 (| * 
278-5 
EtOH 0-1 N NaOH/95°. EtOH 
la 252 234 } ) 253 (3-84 
ww) 145 1.38) 
Nimb 07), 2 1-06) 51 (3-2 14 (4-33) 
CH. H. CH. R WOR 
x AR OH Xl R CH, , CH, OH 
H. 
) 
4 
3 
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The conversion of podocarpic acid to nimbiol 


TABLE 3. COMPARISON OF C-7 METHYL DERIVATIVES OF PODOCARPIC ACID WITH 


THE CORRESPONDING PARENT COMPOUNDS 


CH,OH 


CH,OH 


{) 
NNHCNH 

O 
NNHCNH 


under these condit 
large extent 
mixture (XI) 


purification of the id ortion gave ! yl-7-methylp 


ty 
duction of the acid chlorid gal he anhydride (XIII) 


25 
R' 
R 
CH 
| | 
O-Met! odocarpu H 1-91 -5 67 279 2330) 
2 
1\ CH 53-85 Os 280 2970) 
O-Methylpodocarp CHO H 133-135 87 279 2490) 
286-7 (2250) 
oe. \ CHO CH, 110-111-5 87 281] 3090) 
O-Met mp 
Sel rda CH H 205° (d) 278-5 (2570) 
Vi CH CH 10-212 280 3290) 
O-Methylpod pic ac COOH H Ss 3) 932 
XI COOH CH 3020) 
900) 
O-met locar CO).0 Hi ? 278-5 (4650) 
41°00) 
XII COLO CH 57073 
publis! 
‘orrespondinge acid cl ride. For this +} 
ae PUTPOse Lie GICSLCT { ) Was allowed to react 
With lithiu iu 1 tetranyaroturan at roo! lemperature for a short 
time. It was anticipated that the highly hindered C-1 ester would not be reduced 
ns Quite unexpectedly the hindered ester was reduced to a 
SUILING product (X) was nyarogenated to give the corre ponding 
lwdralveci n ved 
vl derivatives. Hydrolysis of this mixture followed by 
along with the aldehyde 
° H. H. Zeiss, C. E. Slimowicz and V. Z. Pasternak, J. Amer. Chem. S 70, 1981 (1948), d that 4 
: * 1. R. Sherwood and W. F. Short, J. Chem. S 1006 (1938 
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1, le the 
(V) which was isolated as the semicarbazone (V1). This route was not as convenient 


substances 


XPERIMENTAI 


‘ 
oo. as that shown in Fig. | for the preparation Of a fmm Dic amount Oo! Vi ae 
A During the course o s work a number of C-7 methyl derivatives of as 
tad tn cam b ric [he pl properties of these homo- 
ogs are sul | ntroduction of the ¢ ethyl group cau in 
The 
G.D.S 
dex US. 1 69,5 or progesicrone 


(KBr). (Found 
O-Methyl-7-hy 


added 


methanol (cha 


The conversion of podocarpic acid to nimbiol 


H, 7°52. CooH requires: C, 69-34; H, 7-57%,). (Reported :* m.p. 164°.) 


thylpodocarpinol (All). A solution of IL (25-4 g) in tetrahydrofuran (150 ml) 


riod of 27 min toa ution of | 


ithium aluminum hydride (10 g) in 
solid separated from the reaction 
red and 
Was 
100 ml), 
ed off and 


of vith 


JUCOUS 


and 2-85 (Found: 


tetrahydrofuran (200 ml). Within 30 min a large amount of wil 
at oe mixture An additional! 100 ml of tetrahydrofuran w added. T 
oo. ae refluxed for 1-5 hr and was then allowed to stand at room temp 
dec ymposed by the suce ve addition of a Of water 
water. The resulting crystalline s 1 (19-3 ¢; 119°5-123°) was recrystallize 
69 280 2860); and 285 m 2,850) 2:73 
C, 74-94: H, 9-19. C,.H..O, requires: C, 74°96; H 2 ) 
O-Met! )-n IV). A solutio the diol III (12 g) in 95°% ethanol (100 ml) 
, vas shake th § id ircoal (3 g) osphere of hydrogen (3 0 Ib it room 
temp tor total of 16°5 woduct wa ta iro met 1 iting 
solvated matet was azeotroped dry with benzene. The residue was stirred with a small amount of 
hexane | tu ted to evapora ilting cr ounted to 
)-2 2-75 and Tat 3). (Found: C, 79-11; H, 9°94. require C, 79-12; 
H, 9-79.) 
O.Mer 7-9 (\ Thea IV (4-00 @)1 e (25 vas oxidized with 
r O-methy rp cr the desired 
0 44: H 44. C,,H..0,. r ( 8; H \ nount 4 
VI vi? e (75 ml) 
| 
‘ 
{) | 
M.G.S t ) e Woltl-K net 
pat that desc y ( 1 Todd 


method 


dimer. Chem. Soc. 75, 422 (1953) 


lL. Poos, 


D 
> 
ite: 
ed ‘ etha total 
‘ i hit lrop). Atl 
hydroxide (20 2). water (10 mi), 
4 > $74 ee Table 3 « $63: H. 86. 
cid (2-00 was refluxed for 40 min with 
‘ th ric | st was d ed. Benzene was added and 
-. a The crude acid « cd xylene (250 und treated at reflux temp. with a “ 
‘ 0-55 for Shr. Removal 
194 Pur hy ta ror c \ “ave 
anny Be. a acia max ind (see Table Foun 
77-45: H, 884. C,.H,O,1 8; H, 8:59") 
» recryveta tio f the vdride was concentrated and then diluted 
for the pren tion of the semicarbazone by the 
with water The resu wa cu r ine repara ‘ 
B Aste, Bi. B. Banter ond L. J. | 
ao 
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j a The conversion of podocarpic acid to nimbiol 29 
ee 0 12 ind i on admixture with the semicarbazone pr red from the pure 
| 
H, 8-4 
Dr. P. S East | Phar eutica 
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DIAZO-COMPOUNDS 


4 
ag 
> 
Tetrahedron, 1960, pp. 30 to 38. Pergamon Press Lid. Pris Northern Ireland 
B. A. Poral-Kosutrs 
Nex Institute 
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The structure of aromatic diazo-compounds 31 


hydroxyl ion to the diazocation to form the diazohydrate would proceed more slowly 


that the second stage. the acidic dissociation of the diazohydrate. In this manner he 


proved theor ally the impossibility o 


ating the diazohydrate 


It is beli ‘ he low concentrati he diazohydrate in aqueous solutions 


properties to! its trom tl amf 
I I 


of the 
cated 
acid, 
azo- 


product 


where A 
We wel! 


diazohydrate 


Cc 1s 


hydrogen | in the diazo n sal lution, A,,. is the water ionic 
and A 


In the latter express! 


solution obtained by t addition of on 
diazonium—di ate in solution 
is now possible to substitute the 


dissociation for Schwarzenbach’s conce 


aprotic ac id” 


So far. there is no general agreement as to the stereoisomerism of the aromatic 


diazocompounds As fal the stereoisomerism of al liazocompounds 1S 
concerned, this isomerism does not appear to be proved Nevertheless, the resem- 


blance of the above compounds to azo compounds whose stereoisomerism is beyond 


doubt"* is probable 


Although the isolation of two stereoisomeric forms of covalent d 


lazocompounds 
proves the presence of stereoisomerism of the compounds involved, but it does not 


confirm the authenticity of the well known Hantzsch theory. This theory does not 


Br ; nd \ yrai-Koshits, 7rudy Le rrad. hno . im. Ler eta 60, 103 (1960) 
Hart 33 ) 
J. W vre and 1e? 154 ) intzsch, B h hem. Ges. 27, 


1894, 3527 


a does not depend on the 
teric nature of the diazohydrate \ detailed study of the acid—bDase equilioriu 
eG rt a diazocation, the diazohydrate and the diazoanion, the equilibrium being com] 
by tautomer ] im Det een the ydrate ind e nitros nin 
a 
co . oe reveals at under certain conditions there compicte dissociation OF tne : 
— nto 1on These conditi ire: (1) the greater magnitude of the 
7 4 i, th tun f the 
of the ; lic and basic constants ol diazol rate ove ¢ i ude of the tonic 
product r wate! 
KK A 
; 
and, t2) CStavdiisil Lilt 
} 
Si is the ionization constant of the nitrosamunic acid 
> re able to deduce the formulae for the acidic and basic constants of the 
> 
a. ae [hese formulae are accurate provided the dissociation constant Is 0 the nitro- 4 
SS a saminic acid is greater than that for the diazohydrate 
fH*] 2C.K [H+P, —2C.K 
Gam the concentration of the diazonium salt. [H*], is the concentration of the 
Re H e concentration of the hydrogen ions in the 
equivalent of alkali to the diazonium salt, 
leas based on the theory of electrol 
ideas based on the theory o 
as regards “the unusual properties of 
2G 
: HN (1894); A. Claus, J. Pra Chem. (2), 50, 239 (1894 
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involve the existence of stereoisomerism in general, but the correlation of the steric 
structure of diazocompounds and their reactivity 

It has been fully established that the only particle capable of taking part in the 
diazocoupling reaction is the diazonium cation. The chief argument in favour of the 
Hantsch theory is the supposed isolation of two stereotsometic salts.'* Therefore, 
the supporters of the stereoisomeric hypothesis, linked up the alkaline **syn-salt”” 
with the diazocation. Recently, Zollinger advanced the opinion that in aqueous 


solutions the equilibrium hetween the “‘syn-salt’’ and the diazocation is established 


instantly whereas that between the “‘anti-salt"’ and the same diazocation takes place 


slowly and from this the gh rez vitvy of the syn-salt”’ results.’° 

Consideration of this statemen \ iat it is based on misunderstanding: 
im cation more readily than the 
POSSESSES I an “‘apparent” but a really high reactivity. 
indicates that under all 

he diazocation 
lts not only explains the 
Dut accounts I the ence oO! two different diazo 
wo separate substances with the 
‘en verified. Similar substances 
oach to the phenomena observed 

nay account [for 

Hantsch theory concerning » structure 


connection between “‘syn-salts”’ 


Thus the 
the structural 
nitrosaminic), 

itions some 
anions ywomersm 


oms 1n the dia 
pronounced as 


At the 


studied as standard 


a 46, 134 (1958); Zh 


4, 
of the two alkaline salts and draw attention to (th 
— In order to determine if the structural isomerism of salts occurs aqueous solutions ee 
ot p-n tropnel ul Sails ere titrated Ctrically means Ol 
2. elass electrode with (1) potassium hydroxide and (2) tetra-alkyl-ammonium hydroxide : 
i (the triethyl-ber mmonium hydroxide). Both titration curves were identical.'§ 
ne. As the salts formed [rol the diazocompound d the tetrasubstituted ammonium 
covaiecnt struc re oO aixain IS p 
a isomerism is impossible since the two acids (the diazo 
being tautomeric, can yield but on | pite 
n ators a the possibility of the diazot 
arb ra the do 1 ond hetween the nit! wen at 
Dat I potassium infra-red spectra of some diazocon 
frequencies characteristic of N-nitrosogroup cm 
et well as a very slight absorption at (1574 cm-) characteristic of — 
28. 2002 (189° D / 29, 1075 
‘A. H D.G k B Ci ( 28, 2002 (1895) Gerilowski, /bid. 29, 
18 4. Hantzs« 29, 743 (189 
H. Z 61. B B )57) 
+ ‘Ee. B ( B ( . 45. (1912): K. H. Saunders, The Aromati 
D ond I XI. Le 
A. Hantzs« G. Redd B 21) 
8B A. Porai-K B. V. Passet, 77 Inst. im. Lensoveta = 
oO h Ki 29. 14 
19 farbstofle 61 et Birk ser. Basel (1958) 
Zollinge Chen eT et seq iuser, Basel 
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compounds, produced quite distinct absorption bands at the frequencies indicated. 


[his proves that there is a system of conjugated bonds in the diazotate anion resem- 
bling rather the nitrosamine than the azo compound structure. Hence, the hypothesis 


of the stereoisomerism of the diazotate ions should be rejected. 

litrating potentiometrically the p-nitrophenyldiazonium salt at different rates, 
curves obtained by rapid titration characterize the equilibrium not yet established. 
Only by special procedure were curves representing the st juilibrium obtained. 


Unfortunately, the e juilibrium curve for e diaz ilphanilic acid was not 


obtained, alkali 
diazo- 


pi 


compound decompose 


compounds 
amines in 
isobastic 
2,3 and 4). 


suostances 


halal 


isobvastic 
Lewis and Suhr’. 
providing for the equ 
obtain 
method of 


separate oncentrations in solution for 
diazo-p- 
As all this work has been carried out with aqueous (in some cases alkaline) 


diazosulphanilic acid solutions (e.g. while studying electronic spectra) and other 


S. Lewis and H. Suhr, J. A 
A. Porai-Koshits 
Porai-Koshit ng vrn ay, rudy ingrad, Tekhno ist. I 


, 2580 (1 


m. Lensoveta 60 (1960) 


33 
i 
eq. HCL 
| 
the equilibrium has been reached. 
The st the electro! lig dA; 
study of the elec mic spectra Of aqueous solutions diaz 
from p-nitroaniline, sulphanilic acid, chlorat es, aniline and many ot 
; acidic gm@g@i alkaline media of various concentrations show that there 
: points for the group of curves representing each d OC ympound (see I ig 
[hese isobastic points prove that in aqueous solutions there are only (w= ., 
or particles which are in mobile equilibriun [hese particles in acidic and alkaline 
media appear to be the diazo-cation and the -anion respectively. 
20 
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compounds but not with the “‘syn-salt” synthesized by Hantzsch, we considered the 


investigation of Hantzsch “‘syn-salt” very important. 
Accordingly, the ‘“syn-salt” indentical in all respects with that described by 


Hantzsch™ was prepared Its most important property, viz, the capacity of entering 
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Since only the diazocation takes part in the diazocoupling reaction it was concluded 
that the “‘syn-salt’’ prepared for analysis consisted of 11-15°; diazonium salt with 


the required amount of the alkali and the diazo alkaline salt. Comparing the results 


of our own elementary analyses with those of Hantzsch this conclusion was confirmed. 
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lis! 
sctahliche 
CSLADLISNCC 


} 


ll 


5 


y 


as between the 


pote nthometric 


iazocompounds and the mine 
salt and the alkalis takes place slowly as 

titrations 

Col rat ) cor rate, the tautomerism Detwe the 

: 

7 

; 

= ; 


Tetrahedron, 1960, Vol. 11, pp. 39 to 51. Pergamon Press Ltd. Printed in Northern Ireland 


PEPTIDES—XI* 
SYNTHESIS OF PEPTIDES DERIVED FROM ALPHA-METHYLALANINE 


M. T. Leptawy,t D. S. Jones, G. W. KENNER and R. C. SHEPPARD 


Organic Chemistry Department, University of Liverpool 
(Received 31 May 1960) 


Abstract— | 
hindrance 


INCORPORATION of «-methylalanine (z-aminoisobutyric acid) in synthetic peptides hz 


1 lies! 
rece CU 


‘ 
i 
7-3 
nion of a-methylala residues in a peptide chain is severely sterically hindered. This E 
oxvcarbonvl-a-metl lial (il clud 14 4-d 2-trifluoro- 
4 met ne (Il; R=ClI +,4-Dimet Il; R=H is be ti ition 
and characterized by its infra-ré pectrun t is attac 1 by «a-methylalar met ester at the 
methine er ip, in Cor trast the mai react with Cyc at the er Ip. 
ae constituent of prot alt h tl po ty was mooted when 5,5-dimethylhy- : 
dant Vas reported as a p ent ( yn proteins discovel of 
z-methylalanine as a component of ompted us to exal the problem 
© eventual aim CS1Z1 in ic ypepuces and Opel cnain 
peptiaes entirely iy trom ( | ls a nyarogen atom at the 
4-POsillo Not unexpectedly, we encount dil ies aris from steric 
hindrance Out on t ol ind pl preserving Of i ictivilty Was 
1bsent id practical methods for the s Ol open-chain sopeptides of this 
CiasS Can Ve Cesc! 
\bderhalden prepared pept thylalanine by Fisc s method, ; 
but co irison th the ma epa us Ire t benzyloxycarbonyl . 
agerivatlive nows that even C impi aipey tinyia tianine, 
was impure Bergman! ( es ol r alan ind 
4-1] lalanine by the ca Alt 
prepared the benzyioxycal i t! al the ester, 
1 
If a i ] ) al no ac | Apc mental je 
and it crystallizes well. On tl the icid chloride hich the d, without 
Pp \ 
r. Yab Z. Saito, K. 1 K. 17 1, 221 
G. W. Ker iR.C.S Vature, | 181, 4 
H. W { ( 35 
F. Geb Ch 152, 12 1926); Abd 1 E. Rossner, 
Ihid. 163, 14 1927) 
Abck n and W. Zeisset. Ferme ’ 13. )32) 
* M. Bert L. Zervas, J. S. | LFS H. S h, J. Biol. Chem. 109, 325 (1935) 
e.g. W. E. Hanb S. G. Wa iJ. Watso ro. '' n. 5S 009 (1950); A. Kjaer icta Chem. Scand. 
6, 327 (1952) 
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isolation, for reaction with glycine benzyl ester to obtain small amounts of the 


dipeptide, has eluded us: even under very mild conditions the N-carboxyanhydride 


med by elimination of benzyl chloride similar cyclization of benzyloxy- 


ine derivative,’ and evidently a 


ies is through the chlorides 


red from the coupling, 


action 


in that 


tively slowly, with 
1Z loxycarbonyl-z- 
riod of attempted 


method 


uded in an early survey’ 


carbonylalanine occurs more casily than with the gryc 
nad rethyl oroun | lital it ctill more 
A ser route to dipeptide derivatives in this scr 
of the tosviamino acids. [hus a per cent yield is obDtal 
in aqueous acetone Duriere oxide, of glycine with tosyl-z-methyl 
lan chiorid ind this s superior to the coupling of the acid with glycine este! 
by the carbodi-imide o dride procedures. In contrast, the aqueous 
‘ fx j but the met hvl ster of 
ca the tosvidipeptide was prepared in 71 per cent from the chloride and the amino ’ 
of methvl vlaceta th an Nia Is approximately It mes slower thal 
of methyl prop i e reaction betwee thvl acetate and t-butylamine 
si isurabDly As a il ruk drance of the usual peptide- 
fort react ns att mi ted to more seve! than hind- 
rance of rea t the carb pou rivatives of a-methylalanine. The 
—— aqueous coup f tosy chlo vitl nethylalanine also failed: eee 
of netar de a ma roduc Evidently the coupling 
in ince ene 
a vas so slow that it was supp ted by alka ecradation (Reaction 1) of the acid a 
Tos-‘NH-CMs H > Tos‘NH co Cl 
a) Even when this reaction was p! t by N-m ition. the vield of N-methylated be 
dipeptide d ry pe the 1 eaction s hydrolysis. Howevet 
met st ol to et ne was obtained satisfactorily 
DY COUT the acid rid \ aC n dry acetone 
4 | | CAd ip . chic Ve iV? ¢ il DOdI- 
m to conacns cl nine vethvlalanine methyl ester 
Likewise, there was neg it ni fra-red absorption of the isocyanate 
fees fey 1 wif } x rhonvl- methvlalanine 
gel ) Wil ‘ Hy ‘ 
4 
a: methylalanine w recovered completely after a prolonged pe 
hes reactior t] inine met ter. and the mixed carbonic anhydride Hl 
| \ ) pep I Suiphuric annyarias nethod Was 
4 miv per (Jul oO! it stern e was fre ponsible for these 
failures prompted the trial oft ced pivall i ide (1) hich the steric effect 
would be counter-balancec Pivaloy! chloride was ncl of 
; 
—— M. Hunt and V. D Biol. ¢ 124, 38 } 
E.M ett, J. G ( 2. (1950) 
R. H.W R. P.D Ci Soc. 76, 3496 (1954) \. F. Beecham, Jbid. 79, 325 
J. R. Vaugha dR. L.O A Ch 3. 3 (1951) 
as or 
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reagents for the mixed carboxylic anhydride method of peptide synthesis, but it 
appeared slightly inferior to isovaleryl chloride. Recently, however, pivaloyl chloride 
has proved valuable for the condensation of tosyl-x-amino acids and in the asparagine 


series.'4 With the triethylammonium salt of benzyloxycarbonyl-x-methylalanine it 


yielded the crystalline and relatively stable mixed anhydride (1) quantitatively. In 


turn, reaction between the anhydride (1) and «-methylalanine methyl ester in toluene 
solution afforded the benzyloxycarbonyldipeptide ester in excellent yield.* With the 

of benzyloxycarbonyl-z-methylalanyl-x-methylalanine, how- 
ever, pivaloy oride yielded (Reaction 2) the oxazolone (II: R CA H,-O-CO- 
NHCMe,) rather than a mixed anhydride, and ethyl chloroformate behaved similarly. 
This oxazolon as more conveniently obtained by dehydration of the benzyloxy- 


carbony! tie With yaride (see below). 


thylalanine 


alpha cardon aton 
are, in general 

reactions (3 


paration ol 
the oxa7 


prepared (Reaction 


Glodckler’®, is an exce residue 


to an amine. Together, tl coupling and remova f tl ifluoroacetyl group by 


methanolic hydrogen chloride provide a repetitive method nethe g the peptide 
vl 
Cialn iamino 
group, and fluoroa 


dipept ide 


oxazolone, which al methyl ester. Similarly 


SO Teacted a C 


M. Mahler, He Chit 


| 
R-CO-NH-CMe,-CO.H 
| 
7R-CO-NH-CMe,-CO-NHR 
R-C CO R’'NH, 
4(R—H 
“R’ -NH*+—CH-NH-CMe,-CO 
Sr ae While the absence of a hydrogen atom from the alpha position in «-mc iii! a 
I 
ee : diminishes the value of tl customary methods of peptide synthesis, it favours the 
Ze) | me method because there can be neither race! mation no! acyl ition alt the 
equently the ox olones derived from a«-me Llanine 3 
Y manipulated, and they e exceptionally high yields in addition 
an es ndeed the e: literature co ins eXampiles of the pre- 
P| icety| and benzoyl peptides containing a residue of nethylalanine by 
ie method 4-Dimethvl-2-trifluoromethvloxazolone R—CF.). 
en 2) by a modification of the general method of Weygand and 
methyl ester was converted, Dy direct carbobdenzoxyla- 
tion of the alkaline hydrolysate, almost quantitatively into the benzyloxycarbonyl 
W } more polar d rmamide as solver was lower and son pivaloyl-x-methyl- 
aianin me estc sa 
M. Zaora {nee Che 71, 74 »59) 
E. Mohr, J. Prakt. Ch $1, 49, 473 (1910); C. Grinacher and En. Acia 10, 246 ; 
d (1927 R. E. St r, hid. 17, 563 (1934) 
y F. Weygand and lt Gsiockler, C/ Ber. 89, 653 (1956) 
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the tosyl derivatives of the di-, tri-, and tetra-peptides of «-methylalanine all gave 
crystalline, well behaved oxazolones; the tosyl dipeptide was lengthened at the 
carboxyl end up to the tosyl pentapeptide in 50 per cent overall yield. The oxazolone 
from tosyl-x-methylalanyl-glycine was obtained in only 60 per cent yield, probably 


owing to side reactions of the methylene group, but it reacted satisfactorily with 


z-methylalanine methyl ester in boiling acetone in one hour, conditions too mild for 

the derivative of «-methylalanyl-x-methylalanine. For this and its homologues 

aceton! was the preferred solvent, and it was better to employ, as the other reagent, 
the free ester, than its hydrochlorid tricthlyamine 

As the formyl protecting group c: > re ed easily with methanolic hydrogen 

chloride, we were attracted by 4 limethyl-oxazolone (Il; R H). We have not yet 

isolated this rather unstabl mpound. but it is well characterized by the infra-red 

een formyl-x-methyl- 

(Reaction between 

nhvydride (IV) instead of 


F 
: 
q 
a 
3 
the oxazolone) Ihe solution of 4.4-dimethvioxazoione gave the CX\ reaction 3 4 
m net Wit the e1 re eaction 
took Pat } alo ) ac Ist as 
? 
4 
» Dus | 
: 
| ee 
| 
= 
| 
ster cort Lo sh, 
ae” 
| 
| 
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: 
| 
: 


Peptides XI 43 


zwitterion (II1; R=CMe,°CO,Me) were unsuccessful. Thus «-methylalanine methyl 
ester was converted by formimidoisopropyl ether to the imido ether (VI),"® but this 
with x-methylalanine methyl ester again yielded the imidazolone (V; R”=Me). 


ich 


The imidazolone was also formed by reaction between z-methylalanine methyl 
ester and dichloromethyl methyl ether, and also when the hydrochloride of (III: 


R -=CMe,°CO,Me) was treated with 2 equivalents of diazomethane vidently the 


amidine dimethyl ester cyclizes tox pidly t > isolate ith cyclohexylamine, 


thermal 
1d 


linhenyl 


: 
q 
Fae om the imido ether (V1) yielded the N-cyclohexylimidazolone, also formed by 
(Sea agenydration ol formyl! nethyia e ¢ mNexyiamide in the presence of a 
Phe ra-red spectra”’ o e amidine (III: R—CMe.-CO,Me), 
and N.N ) and rides are recorded in the 
section ince se show anomalies doubtless due to sti molecular 
Cl ) 4 
XPERIMENTAI 
vely 
( yeptid 
f 
yin 
si} 
) 
) j ( H. 4-2 CHO NI 
14-D ? f et ii; 
chloride (¢ 50-70 | n< ride The iloride : 
J. M. I RB j j 14 (10% 
H. T. ¢ iH. J.B \ II. 29 (1943) 
3 G.H Zz. N rf. 1, 682 
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The mixture 
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1 H N CHONI C, 398: H, 3-3; 
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H 
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Peptide 


Be rycarbony 


4 
oy pivalic acid mixed anhydride (1) 
Pivalov! chloride (3°6 50 mn c) was added t | rred and cooled ( 5’) solution of benzvloxyv- 
cart etl 0 mn trict | e (3-03 mmoies) in dry tolucne 
(15 cc A fte i ile evaporated 
to the 9 82-8 The ily e had p. 81-83 
( H N. 4 H WU) ( 65 H d 4 ) 
— 
VA 
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aq 
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concentration and cooling, furnished (1.702, 71%), m-.p. 150-151 


(Found: C, 49-65; H, 5:8; N, CysH,sO,N,S requires: C, 49-7; H, 5-8; N, 8-97). 


7 j 
Tosyl-x-methylalanylelycine ethyl ester 


20 mmoles) was added gradually to a solution, stirred at 2 


ind triethylamine (2-05 g, 20 m les) in dry toluene 


(2 


opwise, and 


lalanine 


exyl 


1 of 


(a) Ethyl! chloroformate (2-05 g, 
of tosy methylalanine (5-15 ¢, 20 mmoles 
.. Ja (80 cc); the mixture set to a gx After 30 min a solution of glycine ethyl ester hydroc! : 
Pee 20 mmoles) and tricthylami Sg) in dry di thy rmamide (50 cc) was added dr 
stirr was conti sed for | r Next day the eptide derivative (1°65 ¢, 24 ) Was 1S¢ lated 
La in the sal way, m.p. 141-144” raised, by recrystallization from aqueous methanol, to 149-151 
(Found: C. 52-4: H, 62: O, 23-7; N, 8-0. C,,H..O,N,S requires: C, 52-6; H, 6°5; O, 23-4; 
b) Glvci ethyl ester (2°48 24 mmoles) was added to a solution of tosyl-«-methy Hi 
. (3-08 g, 12 rile (100 cc After a f in ¢ t parated. Dicycloh@@ll ~ 
carb i e (2-48 12 dd the ixtur shaken for 10 hr The yield 
2- | V ¢? 7 ne 
produc 2-173 C. 326; H, 34; 
N 0. ¢ HONS ( H N 
Ti 
H N 5. ¢ O.N.S ( H N 2 
| 4 
} N 
] N 
nd: ¢ H \ C,,H.,O,N lire ( 3-9 i, 
A s t of tosyl-x-met \ ric » 10 mmole 1 dry acetone (15 cc) was added 3 
‘ ‘ 5 
F in 3 port to a cooled solution of «-methylalanine methyl ester (2-46 g, 21 mmoles) in acetone (20cc). 
I : 
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+5 M I 
Shaking was continued at room temp for 30 min before x-methylalanine methyl! ester hydrochloride 
(1:33 2) wa ered € acetone evaporate I ative ( 53. 
4 146-147-5 (Fo H N 8B. re H, 6°8; N, 
cry T the trated et cutral product When a mixture 
of (1-2 « + equivalents), 
din ) rht wit cid le, the eld was only 71 
7 
99 214) fr 16-218 (Found: ¢ 6 
H. 65: 4. H..O NS ( H N 
fos) 
\ ft ; < vi este 
14 ( 1-4 H C.,H.,0.N.S8 ( 4: H 
oe 
al 
\ 2 NaOH (2 cx LK¢ it room 
C, 53-4: H, 68; N 
=. 
( 55 H . am 
\ f ethyl este 
by 
plete f it ) \ diu irbonate 
nbined vield of 
dir 260-262 (Found 53-6: H oY; N, 10 4 
C.,H,.O,N,S requires: C, 53-9; H, 7-1; N, 
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(Il; R= 


The oxazolone (95 225° (Found: C, 
C, 55-9; H, 6°9; N, 11 , was obtained by recrystalliz 


tosyl-te trapeptide. 


H,,0,N,S requires : 


tion from benzene of the product from the 


Tosyl-x-methylalanyl- anine methyl ester 


4.4- Dinn thy] 
Triet! 


20 mmo 


+ 


62 
tion was 
obtained This solutic 20 mmoles) in 


*° P, A. Levene and R. E. St 


(1950) 


. Res. 3A, 450 


(a) Trifluoroacetyl-x-methylalanyl-x-methylalanyl-x-methylalanine methyl ester (1°532¢9, 4 
of oe ea mmoles) was treated with me nolic hyd nc de and then triethylamine as in its own pre- 
we yaratior ind the ‘-t ne-p-sulphonamid thyloxazolor (1-296 
pari ing 2 tolue ily amido)ethyloxaz 296 g, 
J 
te oe of: 4 mmoles) was added to t acet trile wor The ture as boiled for 2] and then the 
neutral product olated. Recryst from aqueous meth of t iterial which had 
cryst red from the concentrated cet extract furnished the penta i ( 1 (0-451 g, 
19 251-252-5" (I C, 54-8: H, 7-3: 11-5. CocH..O.N.S requires: C. 55-0: H. 7-4: 
N, 11-45°,) 
(b) Methyl ¢ t r was ¢ ed \ foreg g OXaz derived from the d 
251°, wa ted e wa By | et el eld from tosy was 50 
to 10 it 10 } ) ded hle forn 
meth ylalar 20-0 g, 7 p. 145-147 (I d: C, 460; H, 6-9; N, 10-75. C,;H,O,N requires 
N-Acetyl-N-forn -met etic a IV) 
mixed a (1\ 2 60 m.] 64. 1686 | ; C. 50-4: 
H, 6:2: N, 6°7. C.H,.0;N 1 C, 50-2: H N, 6°5 I d (3:72 ¢ 
recrystallized ft er 200-5 é p. | )(Found: C, 49-4; H, 7-6; N, 9-9 
Calc rC.H,,0,.N: C, 4 H, 7°6; N f ) 
(1-52 9. 12 t 0 le (2-7 f 25 inder ether 
(201 Of 10 for 30 1, the ether is decanted, 
th ilt idve \ rr | I ] Et icl d ttle 
water, dried (Na.SO por 1 D it f y residue (1-1 g, 48 yielded the 
ester, b.p. mm (1 i: C, 57-9: H, 9-3: N, 7:5. C,H,-O,N requires C, 57:7: H, 9-15, N, 
vazolone (11, R H) 
ceiver, J. Biol. Chem. 93, 581 (1931); N.C. Hancox, Aust. J. Sci 
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1dded in 5 p 


2 
ac rtions during 3 min 


There was immediate precipitation 


he mixture had been shaken 


sation 
ild be fractionally 


trum, but there was 


decom- 


— 
ot’ $0 M. T. 
carbon tetrachloride (10 cc) was 
Ce Bea of triethvlamine hydrochloride and ev tion of sulphur dioxide. Afte a 
1850. 1638. 1202. 1104. 1008, 963 1 875 ind itc 
oR. distilled at 76° and atmospheric pressure without qualitative change of the spc a 
| rrenarat refer to ¢ tetrachloride as the solvent, 
wa eonar ct at a il eric pre ire, whien 
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(< ; | ( ( } \ H equ H 
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1-(1'-Carboxy-1'-methyl)ethyl-4,4-dimethylimidazol-S-one (V; R°=H), and its me thyl ester (V; 
R Me } 


10 mmoles) and ethyl orthoformate (0-50 g, 3-4 mmoles) 


lization of 


(a) «-Methylalanine methyl ester (1-17 °, 
“3 7 were heated to reflux for 8 hr and allowed to stand overnight. Evaporation and crystallizaticii/’ 
i the residue from ethe ht petroleum yielded the imidazolone ester (0-584 g, 81 m.p. 87-92°, 
; 
raised by recrystalliz: to 9] )2:5° (Found: C, 56°6; H N, 12-9. C,9H,,O,N, requires: 
(b) 7 umd Ill; R’=CMe,-CO,Me, 2-30 g) s heated in a sublimation tube at 140 
in vacuo fot The eight exp ent lucted at atm 
pre olved 1 ethyl 
ter (0-051 >.< tile 
re | I 
( O-l: H ( ) NJ ) 
Dr C, 54-9: 
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am 
\ 
Abstract 
‘ 
} 
q 
. 


| 
VU 


related to te 


both routes, 


fin ti 


=) 4 
: 
| Experiments on the synthesis of substances inc: $3 
The fact, that compound III was obtained from dicated that in the 
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benzoyl)-propionic acid (XIV) by pyrolysis. y»-Hydroxy-y-(2-chloro-5-methoxy- 
yl)-valerolactone (XV) was obtained by treating this acid with methyl magnesium 

ide. The lactor | <d an unsat ed ester (XVI) by successive treatment 

lysis. Hydrogenation in the presence 

Adams’ catalyst followed by hydrolysis converted this unsaturated ester into y-(2- 

yf which was cyclized to 4-methyl- 

ind with one mole 
Dehydrobromi- 
a water 

ly it was 


ne presence 


terrarubein 


brom 
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(XVIII 


| 
55 
~ 
converted into 4-met (X) by in 
of Pd—SrCoO., catalys 
Ihe behaviour of the product (X) obtained by two different routes was shown to be 
identical in resp 
Another useful inte: liate (XI) fort synt of desdimethylaminon 
has beet nthe ed Co nd X re ed 
4-methyl-8-1 hol-1 whic ed -4-methyl- 
— 1.8-dimethoxynapht c MM). Su treatment wi butyl lithium and 
carbon dioxide converted it into compo 
} (XX nd 
On ther n of -d 


benz in neuts 
produce methyl y-3-Cal ite (XXV), 
ilkalin edium in fimethoxy-trimellitic acid (XXV1) 
ic acid (XXVIII). Either XXV or 


m p 
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CH.O.C “OOH OH H 

“a eee vield. Methvlation of the latter gave rise to m thvl 2.6-dimethoxy-3-formyl-4-methyl 
iel 

Yao-Tseng, Tu Tung-¥ snd Tai Li-Hsin, Acta ¢ Sinica 24, 322 (1958) 
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I xperi nents 


XXVII could be further oxidized to XX VI. The anhydride, 3.5-dimethoxv-4-carboxv- 
lride (XXII), was finally obtained by treating XXVI with acetic anhyd- 


ney ry 
sal 


7! 
; 
ride. 
yr th vnt h +} } ] 
e synthesis of desdimethyla sterrarubein, preliminary experiment showed 
aes 18 that the Gon product XXVIII can be obtained from X and XXII. 
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AS a ++ - 
ry 4 \ 
Cuily CTI X VAI 
-Methyl-3-(2',5'- et yphe CXXITT) was the 
action ol! (2 S.-C \ Cid \ ) 
tion and demethylation afforded mk rone XXXIV 
10-methyl-anthraquinone-1,4 (XXXV) a { quantitatively. Condensation of the 
Huang Yao-Ts lai Li-Hsin and Tu Tung-Yu Yu 
eS, ali Huang Yao-Tseng, Nee Da-Nan, Hsu Yuen-) Fung Hui-Min and Tsung Hui-Chuan, Acta Ch 
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latter with 1,3-butadiene produced the requisite 1,4,4a,5,12,12a-hexahydro-6-hydroxy- 
1 1-methyl-5,12-dioxonaphthacene (XXXVI), m.p. 160-161 


has been 


From 


(XXXVI), it tructure XXXVIII and the acid (n 
structure XXXIX 
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route to ti nthesis of tetracycline or anhydrotetracycline 
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hydrolysis, gave 2-acetyl-2-hydroxycyclohexaneacetic acid (XLV). Its methyl ester 
was cyclized by sodium methoxide to form 9-hydroxydecaline-1.3-dione (XLVI) which 


showed characteristic concentratiot pend Itra | bsorption spectra of 1,3- 


On the ba stability of tl -hyd ‘ s, XLIV and XLV, and 


diketones. 
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lactone carbonyl grou and show a large AM, (—380) compared with the 


ng 
linney’, have 
Gibberel- 


factor Il on 


4 
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lin A » shor same different ne activis 
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mixture of C-8 epimers (2 und methane su chloride 
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The neutral product was crystallized from acetone-light petroleum 
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Plant hormone 5 
ant hormones—I 65 
room temp for 65 hr. The solvent was evaporated Di ; 
>; the residue was dissolved in et! yl acetate which was worked up as usual. The re a 
Poe a column of alumina (1¢ 1-5 cm) benzene and eluted with benzene conta g increasing pro- 
pr ems (Ht) ] )4 nd ( ) Hi 6-2 H OS reg res ( Hi A-R ): 4 
for 6 hr The s ent re ed u reduc re res ed ethv! 
4 acetate and v vork p as us I rys ht 
pets XI) as p 180-185° (J 
177. 17 | 
C..H.,O; requires: C, 69-3: H ) 3525 1762, 1734, 1714 cn 221 mu 
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H XI). 7 “ 17-44 I c etic acid 
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5 ml) \ N.T.P tior 
C, 68-9; H, 81 erellin A 
) | ( H..O.S rec C. 672-8 H. 6:2 ) 
69-6; H CooH,,O res: H red spectrum) 
wit e methyl ester LX e acid VIII, ob \ tme »bere \ t e hydro- 
») The keto-ester (X, 180 ") was diss i DVI (10 d refluxe th phosphorus 
OXYC de (31 2 After co re er ice exi ethyl 
petroleum gave e needles (30 ». 225° (I d: C,62 H ( 35. H.,.O.€ 
requires: ©, 63-1: H, 6-6: ¢ ) prisms (90 m.p 0—164 xed m.p. and 
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prisms m.p. 264 61 )-¢ I 1: C, 68°55; H, 68. C,,H..O, requires: C. 69-1 H, 
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light petroleum prisms m.p. 190-191>, | (I d: C, 69-0; H, 7-6. C.,.H.,.O. requires 
C, 69:3: H. 7-6°%) 
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: p-toluene sulphony! chloride (300 mg) were dissolved in pyridine (5 ml) and wed stand for 
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requires: C, 6 4, methyl ester (70 mg) 

4 m.p. 234 

Gibberell 

5 


J. MacMnman, J. C. SEATON and P 


(VI) as prist 98 mg) m 7 3) (Found: 
moles 


which 


~ 
hvdi rellin A. methyl ester (pri bly the C-5 epimeric mixture) 
crvs from ace Dr 
at 100° for 2 W ol 
" \ is pris (<V mg) a 
64 0-64) (I ( H 
{ k Dr. P. W. B ork; Miss 
M.R M. B. for fra-red spectra ; 
d 
; 
i 


Tetrahedron, 1960, Vol. 11, pp. 67 to 77. Pergamon Press Ltd. Printed in Northern Ireland 


TERPENOIDS AND RELATED COMPOUNDS—IE 
INVESTIGATIONS ON THE STRUCTURE OF NIMBIN?2 


P. SENGUPTA, S. K. SENGUPTA and H. N. KHASTGIR 
The Research Division, 1armaceutical Works Ltd., Calcutta-34 


CUlla 


March 1960) 


Abstract—Nimbin 


a previous Communication’ we ported 1 est itions O1 he constituents of the 
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type Structure | 
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the cr) e principle of M. azadirachta Linn. is assigned the molecular 
formula C,,.H,,O,. 1,2,5-T1 thy pl ed the « ition of a reduction 
product of nimb The pr ct f alk ind pyrolytic ex] ents establish that 
nimbin possesses either of the partial structures X or XI 
trunk DarK OT la Linn. and the structure of nimobDiol. the 
p! enol isolated. The present commul Ld LIU Geais WILN Lil 5 On 
bitter principle of the tree, isolated Dy Siddiqui al. from the seed-oil,’ the blossoms,* 
the root dark” and th runs bark an noiec ir formula ( H,,O,. Latet 
Mitra’ suggested the molecular formula, C,.H sO, (+-CH,) for nimbin, and isolated 
oS acetic acid, methanol, nimbinic acid, m.p. 263°, Neutral A or desacetyl nim! m.p. 
= 
914 ind n mbic acid. 1 n 160 16? ‘ e hvdrolvsis cid on 
i the presence of (a) an aldehyde, (b) an acetoxy, (c) a carbomethoxy, ( in «#p-un- 
Sa rated itactone and il oOlated me Y group ini n Nal on the 
other hand suggested t i C., HeeO, and agreed that 1 iS an 
acetoxy, a carbomet! nd an isolated meth rroup and furthe ested that 
nimoimn nas an I ] ket Ne il I IT il Cal I AY Lroup 
as well as a furan 1 etra- 
hydronimbin [his worker further estal in dihydror the etnyienic 
linkage in conjugatior e ket C Ci nyl group s been ena An 
investigation on the n c acid M ed Nar: lis 
GE, and on subli: ses water and carb dioxide t lactone, 
WEE acid’. Later M provisionally suggested a 1-carbomethoxy steroid 
nil ithout apparent re 
of the work M. aza Linn.' w elected the trunk bark as 
n neutrai trac n or the Denzene extract [the ti K DarK Was 
tral thas: nd nit +} 11 
on between petroleum ether a ) per ¢ l 1€ inol. 
tract on acetylati« ind chromatography yielded 1 in, M.p. 
68°. in « 0-08 yield. | bitterness of nimbin is very mild, 
S Various Gerivatives 1s quite strong 
ta. S. N. iH. 10, 4 
ta, S. K 
) 11, 278 42 
B ind S. Sid R India 6B, 19 (1947) 
) is. A j 12B, 
4 Mitra S. Sid j { R India 12B, 154 (1 
Ind. R li 15B, 42 l ) 
: Che & Ind. 661 (195 
Ind. Res. India 16B, 477 (1957) 
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naphthalene derivative, which he ggested 2,5- .4,5-trimet naphthalene. 


[he isolation of 1,2,5-trimethylnaphthalene indicates th: imbin robably dicarbo- 


and related compounds—Il 69 
= 
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esterification wed by chi Est B ( \ 
Acids B and C were ected to sub ch case “pyron 
Was ated and identuned it ist i Cacia the asym- 
metry of the epimeric centre marked w aste ep il structure IW has 
destroyed. Since the ketone takes part u e € lac e ition, the = 
1. Poos, W. F. J L. H. Sarett, J. A 77, 102 
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structure of ‘pyronimb ’ is either [Xa or [Xb and not of the types suggested by 
Narasimhan. These ex n | | 


structure xX Or XI 


ibin has either the partial 
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(CHC). (Reporte 


6608: H 
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UV. 4 


max 208 mu (E 24,400) and 330 my (I 


ribbon. 60-as0 roughout the investigation ra ibsorption spectra ol 
4.7 R ( 5; H, 6°79 
On 5. C.CH,,9 C,,H,,O H OCH C-CH;, (two) 
) 
fa 
if 
\ 200 cx refluxed for 
hi pH 8, : 
H SO T he 
H 
re 
‘ 
(150 ‘ 6 cc \ | + 
Its mixed m.p enacyl ester of acetic acid showed no 
4 
oo" Nin " of vin ( ‘ 20 cc), potassium hydrogen carbonate (1-33 g) 
and water (6°6 « xed for cies ether. The alkaline 
oe aqueous layer was acidified with ¢ lil HCI! and the pre | solid extracted with ether, washed 
Se wit ter and dried (Na,SO,). On concentration to a s ime, a solid (0-24 g), m.p. 245-250 
a EEE out, and recryst ition from ether gave nimbinic acid, m.p. 259-261°d, [=]p : 
263°, 129-5"). (Found: C, 65-58; H, 6°85. sO, requires 
5 t., Found (titration at 0°), 456, Cale., 472 
0) 
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1.R. (CHCI,) Peaks at 3420 (hydroxyl), 1743, 1718 1 1677 (carbonyl) and 1505 and 875 
(/-substit 


cm~! 


(100 m fied with 


(YO mg), 


re ported’ 


Nimbin tassium hyd id lution (100 cc) was refluxed for 
poured into water na n etl 


hr, 
her 
dil HCI, with separat 


Te aqueous solution was acidified with cold 


> mixture melted over a range (90—140°) 


iol sh white solids. The crude 
and could not be p irihed by crystal 


ration 


A suspension of the crude mixture of acids in ether was treated with an ethereal solution of 
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Esterification of nimbinic acid 
ee ta an ethereal s tion of « ) thane | 1 100 of nitrosomethyl urea) rhe ester ay 
m.p. 207-210° on cryst trol f m.p. 215-216 
m.p. 210-214") 05° (I 1: C, 67-10; H, 6°90. C,-;H,,O, requires: C, 66°65; H, 
O4 ) 4 
; 
LR. (CHE Pp vl) 1730 1714 ter) tneated tre 11495 4 
) Peak +20 XVI) Hal Ins irated ke yne) and 1505 and 
n. 204-205 
H mi netha 
j 
Nin N | 2 by treatme methanolic 
a ) } f + 14 (Fou a 
C. 65-12: H HO. C ¢ 19: H ‘ 
1.R.(N Peal xyl), 1718 1680 saturated keto 1 1500 and 
To 2 iry r (150 cc) as idded a 
so ) t rofur 20 cc) a = Occ). The reac nixture was 
: Xi red A chlorofor he con ed filtrates re dried 
(Na.SO esidue (1 206 ), which did cry e even 
alter acc \ 
I ’ y reduc ( vas heated w sclenium p er (3 g) at 320-340° for 20 hr, 
and t pr ished (10 NaOH and r), dried 
(Na,SO ) e a gui r 0-2 ch was chr togr ed over 
with a solut 5-tr ene (0-0 | roduct (0-02 2). m.p. 145-148°. ; 
on recry tion fr f e oO! red cr m.p. 152-154° id cal by mixed m.p 
with t iduct of obenzene and | ,2,5-trimethylnaphthalene. (Found: C, 59-60: H, 4-72 
Calc. for ¢ H,-O.N;:4 H. 4-47 ) 
‘ 1.2,5-Tr i e reg cratc ron ibove adduc DY passage hroug a column ofl 
alumina with pet ether, h I tra t absor ym max it 230 mu (log E 4-86), 278 my 
; (log E 3-69), 288 mu (log E 3-80). 324 mu (log E 2-85) and 355 mu (log E 1-22) 
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m.p. 141-145° eluted with pet ether and benzene (3:2), crystallized from pet ether and ether as 
Ester B (21 mg), m. { mixed m.p. 151-153 The second ma al eluted with benzene on 
m.p. 158-160". 


crystallization from pet et and ether afforded Este 
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m.p. 15 154 ester © (2Y ) 
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CONTRIBUTION TO THI EMI : AND STEREOCHEMISTRY 
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isoretamine cannot be oxidized to a ketone by the Oppenauer method or with chromic 


acid. 
howing simul: emical behaviour indicate that retamine and 


These reactions sh« 


ire hvdroxy-epin yn ids. Neither can be 7- or 9-hydroxy-sparteine 


soretamine 


n 
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as these pos 
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ence being 20-40 
)-sparteine 


following 


1007 (35 1025 (50 1050 (50 
1007 (S50 27 1047 (60 
1011 (50 1070 (55 
z-lsosparteine 1007 (30 1107 (30°%%) 


The two bands shown in the spectra of retamine (1025, 1050 cm~') and isoretamine 


(1027, 1047 cm~") must be produced by the hydroxyl group as they do not occur in 
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trat n r) Ot and ¢ 1 LAaACS 
ha Edent of the concentration e nucleophilic reagent and even takes | ae 
Therefore, transformation into isoretamine Is a first Class nucico- 
philic substitution tion (S.1). which proceeds Dy a carbonium 1on mechanism. 
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Infra-red spectra. Col +14 found that the hvdroxyl group of 3-hydroxysteroids 
: exhibits a band between 995 and 1055 c1 an axial hydroxyl group absorbing at 
cm™'. The infra-red spectra of retamine oretamine, and the rela 
and )-x-Isosparteine, under identical conditions (4 in CS.) show t 
intensities: 
| 
2c 
3 
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the spectra of the related compounds. The frequency, difference and shape of the 
bands indicate that the lower one is due to an axial, and the higher to an equatorial 
hydroxyl. But as both retamine and isoretamine have only one hydroxyl group, this 
must be axial to one ring and equatorial to the other; and this feature can only occur 
at C, position. 

The selection of configurations. Formulae IV, IIb and IIc are proposed for retamine 
isoretamine and chlororetamine respectively. No epimer for chlororetamine is 
possible since the C, position is hindered by the axial C,,-hydrogen atom of the 
D-ring. With Catalin molecular models (Waltham, Essex) it is clearly seen that the 
voluminous chlorine atom has no room at this hindered position for epimer formation. 
Isoretamine, obtained from chlororetamine by hydrolysis, must be the less hindered 
epimer IIb, leaving configuration IV for retamine. A Walden inversion at C, must 
occur in the change of retamine to chlororetamine; but the configuration at C, is 
preserved in going from the chlororetamine to isoretamine. The molecular rotation 


changes are in good agreement: 


V/,, retamine M,, ( )-sparteine 
V,, chlororetamine (-+-)-sparteine 
isoretamine (+-)-sparteine 


Ihe mechanism for these reaction changes is as follows: the action of thionv] 
chloride on retamine should give rise to chlorosulphite (V), which is possible according 
to the Catalin molecular models, the decomposition of this intermediate (V) 
with simultaneous attack of the chloride ion, from the less hindered side. should 
bring about the formation of chlororetamine (IIc). Although this compound reacts 
with nucleophilic reagents by > intermediate of carbonium ion (VJ), it always gives 


isoretamine (IIb) or the corresponding derivative (IId, Ile) because steric hindrance 


precludes the formation of an epimer. 


Chloroisoretamine and its chemical behaviour. Chloroisoretamine, a new base. 
C,;H.;N. Cl, m.p. 90°, isomeric with chlororetamine and with the same carbon 
nitrogen skeleton, is obtained from isoretamine dihydrochloride on treatment with 
thionyl chloride. It reacts with nucleophilic reagents to give Al-dehydrosparteine 
(VII), whose structure has been established.” As chlororetamine under the same 
conditions undergoes a substitution, this reaction establishes the chlorine atom at 
C,, in chloroisoretamine 

[here are two possible configurations for 11-chlorosparteine represented by VIII 
and IX. Formula VIII is preferred as the chlorine atom is axial respecting to both 
rings C and D and is trans with regard to the fourth Nj, valency, and therefore the 
four centres participating in the reaction are in the same plain. This structure is 
supported by the fact that chloroisoretamine readily undergoes elimination reactions, 
A" ."®-dehydrosparteinium (X) hydrochloride being produced by heating chloroiso- 
retamine with water on a steam bath. Moreover, its infra-red spectrum shows bands 
at 800 cm~' and 3457 cm™, which are typical of the «-isosparteine conformation to 
which VIII belongs. The fact that chloroisoretamine is a crystalline solid, like «-iso- 
sparteine, and not a liquid like chlororetamine and sparteine, is in agreement with 
the same statement. 


5 N. J. Leonard, P. D. Thomas and V. W. Gash, J. Amer. Chem. Soc. 77, 1552 (1955) 
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acid, producing at 130° (+-)-sparteine and at 200° (-+-)-«-isosparteine, are similarly 


explained by bridged hydrogen-carbonium ion formation. In the first case the bridged 


ion operates at C, and the reduction product is (+-)-sparteine, and in the second case 


at C,,, producing (-}-)-x-isosparteine on reduction. 


ae 
> 
N 
a 
x 
& N N 
N 
st 
: 
4 
N 
¥ 
N 
+ XIV 
N N ) 
N N : 
+ XV 
N 
XVII 
XV 
xi + + XI 
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(g) Chloroisoretamine re luction with sodium and ethanol. Chloroisoretamine (0-25 g) in absolute 
ethanol (25 ml) was treated wit if g) The reaction product, steam distilled was 
precipita pi ate (0-52 @), after recrystailization from acetone, was 
identified ¢ -sparteil lipicr: 42 The id ation was confirmed by m.p and 
mixed 

Chiororetamine (0-56 g) in 
anhydrous etha reates th sodium (6 g) yroduct irked up as in the foregoing 


preparat 


0-64—-Monory 
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a paper. n Buta R 0-6 
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STEREOCHEMICAL RELATIONS BETWEEN LYCORINE. 
CARANINE, PLUVIINE, AND LYCORENINE 
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(Received 4 Vay 1960) 


Abstract—Treatment of x-dihydrocarai with anolic potassium hydroxide followed by 


hyd 


nethyiation Vv 1 diazom ane afforded 
eq DY tne tion oO! x-dihydro- 
ne (XXIII) with affecting asymmetric 


onal relation p between lycorine, 


PLUVUNE! and lycoret “.% are ilkaloids isolated from the bulbs of Lycoris radiata 
shee lantc o vl] It] sate th 
and other plants of Am: { ous he structures of these alkaloids have 


been established. ve tlic Wi n he mistr\ intil | el 


recently assigned 
has worked indepet 


provides further ¢ idence supportin ESE rurations 


In previous papers Ul nfiguration of dihydrolycorine was discussed and its 
absolute configuration va ntly established by Nakagawa an eo’. Since 
caranine,*!* ; alk: id trom arvily eae, was obtained by elimination of the 
hydroxy! group attached to carbon VCO! without anv ynfigurational change 
and likewise x-dihydrocaranine,®:-* a hydrogenati luct of caran was derived 
from dihydri 
lycorine (1V) and dihy 
them respectively 


It has been e 


by two methoxyl grou nd a methylenedioxy u milarity of th haviour 
of the two alkaloids toward ; \ eagents and biovenes! iS OF up of the 
alkaloids, indicates tha uviine and caranine, and «-dil ne ; .-dihvdro- 
caranine, have si 

As proof, he conversion of the methylene | x-dil inine into 
methoxyl groups under conditions which would not affect figuration func- 


tional groups and the skeleton of the 
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Thus the structural and configurational relationship between x-dihydro- 


(X11) 


pluviine (XII) and «-dihydrocaranine (V1) and between pluviine (1) and caranine (V) 


are verified 
An iken to cleave the pyrrolidine ring of «-dihydro- 
nine (VI) by employed by Kondo and 
ior u the rl ne rolycorine (XIII) 
icetv! romo-N-cyanodihydi lycorine (XIV) as the sole product. 
yenzene 


gous to that 


of diacetyldihyd 


1 


and 


VO 
pi 1UC 


1 exhibits infra-red absorptions at 4-48 and 
The acetate (XVI) is 


Compound XV contains bromine an 
2-90 « characteristic of a CN and an OH group, respectively 
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RESONANCE AND CONJUGATION—IP 


TORS DETERMINING BOND LENGTHS AND HEATS 
OF FORMATION 


Dewar and H. N. SCHMEISING* 


stry, University 


16 May 1960) 


Abstract 


THIS paper describes a general investigation into the factors determining bond lengths 


in conjugated stems. Preliminary accounts were given 


and heats of formation 
in Paris in September, 1957, at the N.R.S. Colloquium on the calculation of 


hs 


molecular wave functions, and at Bloomington in June, 1958, at the Conference on 


Hyperconjugation These earlier studies led to the conclusion that, in contrast to 
most current opinion, resonance effects are relatively unimportant in classical* 
molecules and that the arguments commonly cited as evidence for resonance in such 


molecules are vitiated by their neglect of changes in the properties of carbon bonds 


with hybridization. Here we present the results of our completed investigation. This 


has not only confirmed out earlier conclusions but it has also provided further cogent 


. molecule is defined as one ! wh only a single classical (unexcited) resonance structure 


can be written; e.g. CH,<-CH—CH CH 
. Part I M.J.S ewar and H. N cising trahedron 5, 16 (1959) 
2 Department ol er tr Illinois Institute of Technology, ¢ cago 16, Illinois. 
3M. J. S. Dewar and H 

Scientifique 82, 51 (1958) 
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evidence that resonance effects are very generally of less importance than has commonly 


been supposed. 


I. Lengths of carbon bonds 
We argued in Part 

explain 

hybrid 

forward 


agreed 


cient 


I 
London (1958) 


ngths could be 
ate of 


Was put 
1, 


TS nave 


AG 
a at the available data on carbon bond | 
4 res in efiective covaient radius of carbon 
it DONG Iel snouk WwW ridaization 
aa ba y Walsh* and by Coulson bi ubsequent auth 
te gu with Coulson’s® conclusion that the changes in cova ra re not suffi- 
« gas) account for the observed changes in bond length, and that res ince efiects 
must also be important 
} ] } nog t} re 
the lenotl le bonds ( he \ Pn carn SO OLLICT X are 
+] 1, q 
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—— onds in CCl,—C:N, and so one | pect the C—( have 
these were rea I 
that tl a 
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OR 
TABLE |. LENGTHS oF € C SINGLE BONDS IN CLASSICAL MOLECULES 
Mear 
Compound Iype of bond Length (A) 
bond 
CH H 
CH ( ( 
Cl ( H 1-464 
CICH ( H 1-45 
Cl ( ( CH 1-45 
CH ( N 
CI ( 164 
N 
CH ( 1-459 
( H 
He ( 
N 
CH CH ( 
CH CH ( j 
( ( ( 29 
I ( 
26 
‘ ‘ 
( ( } | 
1? 
~ 
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atiectc hy res 
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It is a pity that so few accurate determinations are available for the lengths of 
other bonds. Some recent values for CH, CCl, CBr, and Cl bonds are listed in Table 


2 and plotted against percentage s-character of carbon in Fig. 2. In each case the 


points for sp®, sp*, and sp carbon lie accurately on a straight line. 


TABLe 2. LENGTHS or CH, CCl, CBr, AND CI BONDS OF VARIOUS TYPES 


Length of C—X bond (A): X 
Hybridization 


of carbon 


Cl 


1-781° 
1-736 
1-637 


CHBr, CH,:CHI, Met f tton, Tables of 
No. 11 of The Chemica ty yndon (1958) 
35, 373 (1957). 


29, 864 (1958) 


55) 


coupling con 
character (ca. 5 ) 
As we pointed Ou 
would expect the lin 
radu hel Mulliken 
the ruie 
experimental exceptions to I 
argument shows that one would not expect it to hol xcept as a rough first approxi- 


mation, and that the results indicated in Fig. 2 are consistent with the idea that the 


* J, H. Goldstein, J. Chem. Phys. 24, 106 (1956). 


sp 1-102° 
sp 1-086 
sp 
5} 
* bond lengths in C,H,, CH,:CHCI, CH > 
Interaton Distas . Spex Publica 
bond th in C,H, er 
bo ngth in C,H J. H. ¢ ymon 
bond lengths in CH,C!, CH,Br, CH,I; C. C. Costain, J. Che Pi 
Co . * bond length in MeCC: ¢ C. C. Costain, J. Ci Phys. 23, 2037 (9 
Z 
“a 
I 2. Plot VS. per of car for X | 
H \ ( \ } x ( \ 
Br, A x ILA 2-159 
hes ‘sults suge at the leneths of CH, CCl. CBr. and Cl bonds are also 
determined by the ite Oo YO! ( Carty ratne inan resonance; 
agrees with the conclusion reached from measurements of nuclear quadrupole 
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bond lengths plotted there are determined almost entirely hybridization 
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length of the CC bond in ethylene ee found to be nearly 
than the “old” value. With tl value or 1-339,17 A. 


e Xtrapo- 


observed 


the Cinyiene, oenzene, and graphite Decome accurately 
ne to a \ (1-428 thir ntea the 
‘a lating a value (1-4 A) which is \ experimental error of the 
length (1-483 A) of the centra d in iene (Fig. 3). This suggests that the 
Cils U La A. and tl it the bond 
eng s4A. Br lependentl 
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the structural features leading to such stabilization without any reference to their 


cause The term “conju wl has ad a structural connotation in organic 
chemistry: here one need on dor er identification with resonance. 
The term “hyperconjugation i weve s been used in the literature in its 
origin il sense, vil | 

the term sem { ribe Ul ondin tructura!l al Thus 


ure 


We wish to suggest 


conju i between unsaturated carbon 


atoms a saturated and an unsaturated 


stabilization energies 


nance lo do 


bond energy 


. 63, 40 (1941) 


Ge 
a 
carbon atom. 
The next probien to determine ow much, ll any, Of 
of con ugatcd and se! coniuga ed molecules are to ascTipeg 
Aa this one needs to know | various bond energies involved [cf. equation (1)}. 
a We first tried to estimate bond energies directly, by equating the calculated and 
observed neats of tormauor ia | ‘ a ON ine 
App ndix |) il nio;rt sian SUCCESSIUI IT would have provided 
directly an unambd hous Sel m™ 
We therefore adopted the expedient of assumu elations between 
and bond length for CC and CH bonds. Glockler’® and lave proposed 
series In. r being U bond lengt! [heir work wa owever, based on the “oid 
vaiue 4) tne c yicnc Wi cn we LO repeal 
, 1-3331-3% we A not oht 
their calc ations using the newer Vvaiucs or i \ we could m t optain 
E is and vanisnes as > , and il ust satisiy everywhere the con- 
= 
Uilit 
al 
Glo Tunct wcs not! condll en the new [or Cul cne 
oo ae hor th is used | teld I ca ot be made to fit the data, i 
“i I on was to find e fun er than a power series in 
7000 t Pull necessary Conaiu and has only two 
al | a (a £*) a (a ) 
Svan Attempts to fit a pair of tractrices to the data on bond lengths and heats of formation 
me ae proved awkward vever. owing to the cumbersome nature of the tractrix function 
ee: (a,., f D yy) the tractrix equations for CC and CH bonds w the calculation 
ol the C bond length outlined in Part | This proceaure enabdied us 
18 R. S. Mulliken, C. A. Riek W. G. Bri J. Amer. Cl Soc. 
J. Chem. Phys. 21, 1242, 1249 (1953); Jbid. 61, 31 (1957) 
1 
2° H. Feilchenfeld, J. Chem. Phys. 61, 1133 (1957) 
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calculate a number of bond lengths which could be compared with experiment, 


so provided a useful check on the general validity of our assumptions. 


al ulation of the hor d enere\ neth re lati« 
In Part I’ we outlined a technique for calculating the equilibrium bond lengths 


in benzene 
for the sp*-sp* 


carbon atoms at 


lation. The 
One 


lowing sixteen 
bond length anc d energ' le Sp*—sp C bond in its 


* The thermochemical di 


4 
103 
a r, £, (corresp values for C:C double bond) 
k’ k.” (force « ints for e and double bonds between sp* 
eqt or bond length) 
. The force constant ir¢ ther known { ) or can be found by interpr : 
tractrix equator { provide relatio etween bond length and bond e 
Ull =! SCS Wat \ i ¢ Ti ad lenge hs 
energics reicr I l 1 Slate round-state 
{; recul I lo f 1S ply equal to the zero 
OTrager ‘ Gata l and to check the 
validity of our conc ion (cf. Fig that t bond ordet i length plot is linear 
we a ned in « ca ion that this w: e Cas¢ [he only expe ental data 
we used were the [follov 
heat of formatio1 1CC bond lenet! diamond 
heat of ftormatior ind ¢ H it tl in metnane and ethylene 
heat of formation of acetylene 
the CC force constants in ethane, ethylene and acetylene 
We were then abl 
vere tnen adie to 
quantilies 
ro, (the mean 
vibrational ground state) 
Esta are referred to O°K; see section V, p. 104. 
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(the corresponding equilibrium values) 
_ E. (corresponding values for the sp*-sp* CC bond) 


is in benzene at raphite respectively) 
ma 


a 


| ground state) 


and CH bond energies were 


100-52 (4) 


a 
104 
= 
Peet hond leneth ir 
il ( K lil 
(constants in the tractrix equations) 
| my it ) rved and ¢ ulated Values ? anu 
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] ] I pons 
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ie The values found in this way for the various C—C 
(in kcal/mole) 
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These values when substituted into equation (1) give an estimated value for the 
stabilization energy of butadiene at 0°K of 5-8 kcal/mole, compared with the experi- 
mental value(see Table 10, p. 109) of 8-6 kcal/mole. This suggests that at least the major 
part of the stabilization of butadiene can be ascribed to changes in bond energy with 
hybridization rather then to resonance. 

A similar calculation can be carried out for semiconjugated hydrocarbons. The 
bond energy of the sp*-sp* C—C bond can be estimated from its length (1-515 A) 
using the tractrix equation; this (89-59 kcal/mole) leads in turn to an estimated value 
of 2-7 kcal/mole for the stabilization energy per sp*—sp" C—C bond in semiconjugated 
systems, in good agreement with experiment (Table 10). 

These results are gratif view of the extremely scanty thermochemical data 


used in calculating the | energies: they suggest that our estimates of the variation 


in bond energy with hybridization for and CH bonds are not far from the truth. 


This in turn supports our suggest hat the th ‘tical interpretation of the thermo- 

chemistry of carbon ympounds needs complete revision; the assumption that 

bond energies do not vary with hybridization is not even a passable first approxima- 
won. 

One further difficul mained, however, in our interpretation. It is known that 

the heats of formation of paraffins cannot be expressed accurately as sums of bond 

he discrepancies are due to non-bonded 

cific interpre- 

by absorbing 

to methane 

at the available data could be 


ieters, the CH bond energies 

rrection was needed for any 

were estimated from the experi- 
rix equations. 

h the assumed bond 

the gas 

I iplications 


section \ 


gas phase 

*nergies in 

the semi- 

two of the 

theo- 

values for heats of formation; and 
» errors of a few tenths of 


1 energies may be in error 


ol the bonc 
There seem to be marked deviations 
gated dienes and large deviations for 

the benzene derivatives. 
lof. J. R. Platt, ; , 519 (1 Dewar and R. Pettit, J. Chem. Soc. 1625 (1954); 
K. S. Pitzer, J n. P a 35 (195 tzer and E. Catalano, J. Amer. Chem. Soc. 78, 4844 


: 
well interpreted Dv introducin just tWo empirica | 
In metnyi, ana In Crit | 
of the other CC « CH | energic tne 
mentally determined bor by using the app 
4 Tal 6 lists 1 es ind int way 
phase at the absolt ro. The use of data correc 
I 
. from specific heat differences and from conformational isomerism (cf. ii! 
p 106) at O'K each | will De 1n 1t8 most stable conformation 
lable 7 compare served | ts of forn 
at OK of a nul er O } tnose ¢ 
Table 6. The ment is excelles I pal 
conjugated Ole sa ic eciall \ 
bond energies were ¢ ited d expe 
“ont } +t i 4 
revicali method Ta Cr t in titted to tl 
‘ in view of the fact that th nerimental value 
(1956); L.S. Bartell, J. Cre Ph 32, 82 l ; 
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TABLe 6. BOND ENERGIES AND BOND LENGTHS* 
Bond energy 


Bond length (A) (kcal/mole) 
at OK 


Symbols 
text lor 


Type of bond 
and bor 


due tod 
should 


stable 


chain 
of ad 


methyles 


an open chai he repulsion ene 


Taking the va 0-4 D for the 


1 at the midpoints of bonds, Vv 


locali 4% 


The heat of formation of cyclohe» that calculates 


bond energies in Table 6 by six times 
observed discrepancy (Table 7). An extensior ‘this argument shows that the dis- 


crepancy should be the same for alkylcyclohexanes, as also seems to be the case. 


mole: this is just the 


106 
rt 
engtn 
ts 
C—C sp*-¥ ro 1-544 84°36 
} 1-517 R9.59 
7 
1-459 100-74 
1-479 4-99 
1-379 119-75 
1-310 138-25 
1-282 146-71 
Cunt 1-205 170-55 
C—H thane Ov4 18-19 
ry 1-102 7-01 
sec. tert 96-30 
059 109-46 
Bo kete alle t 
VI. Co national effects in Cycionexane 
The de cyclohexane are provaodly a CO ice) auionai efiect, 
pole—dipore repulsions Detween cent CH Rep ns of this kind 
' 
ake the all-trans confor (| 4a) p ene chain the most (eee 
4 MG, there being just two pairs of adjacent CH bonds. Cyclohexane, in its stable 
Brok CH 
Fees for nas an ali-ga@ucie con I n (Fig. 4b) in whic! nere are three pairs 
| acent CH bonds on neighbourn irbon atoms: the heat of rmation per 
ay Hhviene group in cyclohexane should e be less than that for methyiene in 
nA nt vl ine the din 
Ch bon oment and assuming the dipoles 
hy 
ae 
ete 
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TABLE 7. COMPARISON OF CALCULATED AND OBSERVED'®”’ HEATS OF FORMATION 
OF HYDROCARBONS IN THE GAS PHASE AT 0°K 


Heat of formation (kcal/mole) 


Hydrocarbon 
Calculated Observed Difference 


methane 392-7 (0) 
ethane 666°8 0-2 
propane 943-8 0-5 
n-butane 1220-9 0-1 
n-pentane 1498-1 (0) 
1775 5 (0) 


n-hexane 
i-butane 1223-1 0-5 


i-pentane 1500-2 


iicyclohexane 
1 :4-dimethylicyclohexane 
propene 


1-butene 


n | vo 
tadiene 


Heats of formation of semiconjugated hydrocarbons 


Not only do the calculated and observed heats of formation of semiconjugated 
nd acetylenes agree quite well (Table 7) but also the calculated values are 
nererore mnsolar aS OUT Dave dal e 
[Therefore insof ur calculations have any validity they 
imply that resonance stabilization (hyperconjugation) in such molecules is negligible. 
seems to be proportional to the 
*S proportional to the number of 


bond energies in ble 6 are 


vely, corresponding to increases of 


several recent determinations 


the value listed in Table 6 is 


needs further investigation. The values in Table 8 seem to be consis- 
than those reported from X-ray diffraction. Although X-ray methods are 
less precise than those based on spectroscopy of electron diffraction, they are also less 
subject to systematic errors. Spectroscopic ! iethods are particularly difficult to apply 


to asymmetric molecules owing to the complications caused by centrifugal distortion 


f Physical and Thermodynamic Properties of Hydro- 


4 
107 
ox 
au 
i 
1499-6 0-6 
neopentane 1502-4 1502-1 0-3 
cyclohexane 1663-0 1661°1 1-9 
1942-3 1940-9 1-4 
2221°6 2220°1 1-5 
1089-8 1089:1 0-7 
l-pentene 1366-9 1366°5 0-4 
= 
| :4-pentadiene 1235-8 1234-7 
trans-2-butene 109? 1091-8 0-9 
| : 3-butadiene 959-0 961-1 2-1 
| 1239-1 1241-0 19 
propyne 671°8 671-3 0-5 
2-b yne 54°] 1-4 
benzene 1279-4 1307-4 28-0 
toluene 1559-5 1587-4 27-9 
n-xviene 1839-¢ 1867-4 27:8 
of sp-sp® bonds. This suggests that the corresp ee 
0-003 A in each bond length. This is surprising; for = 
(Table 8) of the sp*-sp*? C—C bond length suggest that 
; alr 100 creat 
j carbons and Related Compounds Carnegie Press, 1953. 
2 
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and anharmonicity of vibrations. It is perhaps significant that the bond length data 


for sp” a and sp-sp” bonds show far more s ter than those for Sp sp” Or Sp-Sp 


bonds; bonds of the latter type appear in linear or symmetrical top molecules whose 
rotational spectra are much casier | nt t, whereas bonds of the former type 
have been studied only in unsymn However it does seem likely on 
hl tne sp*—sp” bond 1s too great 


balance that the bond length 


| 
TABLE 
CH.COI 
‘ 
CH.COOH 
| n { " 
Si 534 A for the Ct 
aa It dey 
be 
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It is evident that the resonance shortening of the sp*-sp? bond in butadiene must 

be small; taking the maximum value for r’ (1-489 A), the shortening would be less 
than 0-01 A—and this would have to correspond to a resonance stabilization of 2 


kcal/mole. This seems rather unlikely. The data certainly suggest that r’ does not 


appreciably exceed the measured length (1-483 A) of the central bond in butadiene 


and that the resonance energy is less than 1 kcal/mole. 


Taste 10. HEATS OF HYDROGENATION OF H CARBONS IN THE GAS PHASE AT 0°K, 


ay 
ae Compound Heat of S/ Hl Ci 
y ethylene 31-04 
1-butene 28°63 2-41 2-93 0-52 
I-pentenc 28-34 0-25 
0-75 
4 hut 63 6-24 7.39 
4 
as 
| 
cal ry | no 
1, 
to | y CH 
he 
Hl 
‘ (7) 
i ve 
é gata ia ne and | :3- } 
pentadicne, the dilicrence Detween SL an Hil ch COUIG De asc ed to resonance 
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stabilization—is again about 2 kcal/mole, in agreement with the estimate from heats 
lat on of course i 


ilso depends on the values ascribed 


of formation (Table 7). This calct 
to FE’. and hence to; if the difference between SE and HE would be 
less. (7)] 

Even resonance energy of 
butadiene as was 
pointed our 
u an ia nino; the stabilization classical 


cariicr conciusion 


conjugated hydrocardo 


Tal 


such 
ry (SRE), the va 


in gives the true 


lues ol 


first column (i.e. 


= 
\ . 27 8-7 
: 
ner whet} 
Benzer sad ite des annear ft ive large resonance cnerg whether 
c | | | | i} La 
t} ted a l it nation 
(Table 8). The valu ire a I 
henzet n tes that per ation between 
ction for { pond energy 
: 14 « 
\ a. ted 
‘ Cy weatr ne wit h 
179 189 A. But these 
< ‘ 
. R the | col guc ne ¢ erence 
Pak’ single bonds to the lengths (1-397 A) of the bonds in benzer id 
benzene DV a quanuty be termed : 
a ey which are listed in the second column of Table 11. The la Po aa 
resonance cnergics, found Dy Citierence. q anuty i 


Resonance and uA 


RE) may be termed « 


mnjugation—Il 
stabiliza 


onjuga 


Inspect 


fion energy (¢ / 

energy and hybridization enerey 

ion of Table 11 sho that the 1 

lies in the range nol 


ica al d 


lll 


it 1s equal to the difference between the 


rue resonance energy of benzene probably 
iy a 


nly 
stabilization 


bout a quarter of tl 


COTTCIAUON., We 


We 


ave mad ince for this throu 
determined resonance integra 


h our empirically 
J 


— 
‘a 
| 
a benzene 1s due to resonance 
a 
or 4 Current estimates of the resonance energy of benzene have neglected the effect of 
Sa) hvbridizatior nd most of t m |} neo ted hond 
and Most « Have aisO Newgieciced pression 
Se, Tet cy rev at 
i:2B 2:3 8B 
2. 7 
ene | u pic etnod whicn 1s 
‘ ess an 
ial rs we 
relations order Moreove | rder-bond 
in the case I be evaluated theoreti- 
me a Cally, and we fee Ol a | for ¢ 1 the is better than the 
proportional to overlap). As e preset current methods must in any 
a a a case overestimate resonance eflects in butadiene, due to their neglect of electron 
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XII. Electron correlation;* the importance « vertical correlation 
tron correlation in conjugated 


x 
ttention to the el oft 


In Part drew ; 
1 order ascribed by current 


molecules and oncluded that ly h 
treatments’ 1c tral bond tad ; ul ct of an illegitimate assump- 
tion in! it them ice the ument has been misunderstood, we repeat 


it here 


cupy each 


ponding 


toa 


| 
: 
in a clearer and more definite ! — 
The h ret energy yvetween two ons occupyins Ol lais in a 
an kh ted by standard ethnods. if we cCaiculatle 1n 
Piveh ats 1 Or ecu Ca Cant a 
a ~~ ¥ 
e 
p-AO of a 
thus 
liscrep- 
tre (| 5 In (a) 
vy 
‘ AQ) 
‘ 
tol adel iently ol 
‘ iiwavs i veignis 
> 
(b):(c) 
( ) 1 t il in distance 
ec ‘ 
the asis ol 
rex ‘ if il repu ion 
ine | 
fb n hen four electrons occupy in 
‘ 
in keep apart in tw Wavs: eiLnel 
ra MO 1d themseives Oul aiong a 
‘on of the first kind as vertical correlation, that 
eiven C l ine 
Fig. ites ti ma types of conhgurauion in (a) two electrons oc 
ense, to ply the tendency of 
, O has been ented in the form co 
In ike the are ciearer, c p-A 
rea i 
to 
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m-lobe, in (b), (c) three electrons occupy one z-lobe, and in (d), (e) all four electrons 
are in the same z-lobe. 

Simple orbital theory assumes that the probability of finding a given electron in a 
given z-lobe is always 1/2, independent of the positions of the other electrons; in 
this case the weights of the configurations would be in the ratio (a):(b):(c):(d):(e) 
6:4:4:1:1. However the mutual repulsion of the electrons will favour configuration 
(a) since in it the electrons are less bunched together; the weight of configuration (a) 
will therefore be greater than that implied by simple orbital theory. 

rhis favouring of configuration (a), vertical correlation has the effect of reducing 

repulsion between so reducing the total 


ion In atoms 


ns ot 
true for 


horizontal 
Lane 
: 
tne COnSse- 


mag- 


calcula- 


rawn irom 


An extensi argument suggest iat current met! hould always 
overestimate th fect lance in classical unsaturated molecules, and that these 


may well conforn ah n structure and in energy to the pattern predicted 


for a configuration with essentially localized single and double bonds. In such 


2 Ww.E. Moffitt, Proc. R vc. A 210, 224, 245 (1951); R. Pariser and R. G. Parr, J. Chem. Phys. 21, 466, 


(1953) 


. P. Craig, Proc. Roy. So A 200, 474 (1950) 


2U py 


‘4 energy of the moiecuie 18 exactly analogous to the efiect of correla| 
f Fis. 5) and it nm he taken into wont f me extent h mpirical 
; (cl ig. and it can be taken into acc nt to some extent Dy empirical adjustment 
of interelectronic repulsion integra There is, however, a second much more 
mence of electron ‘rrelation whicl nannat he anmenvimated ian 
scrious consequence OF Clectron Correiauon Which Cannot de ap} rOAIMatea 1n 
way. 
te ee nan atom the mean electron disti i 11S determined Dy sy etry; correlation 
cannot aiter this mean eiectron str O1 it ailects the instantaneous m« 
OS electrons, not their mean positions averaged over a long period. This is not 
<a molecules. Consider the case of butadic [he electrons in a given z-lobe will tend _ 
to spread Out alo! it in response to their mutual repuision (horizontal correlation). 
In the O(a) iCil Dall electrons Will tend to tne terminal 
: 
ponds, due to ulual rey lO uration O(a) therelore corresponds to 
nigh 7-electron density in B Ss, and iow 7-electron density in the 
[Fig. 6 (b)-(e)], extra electron or electrons will tend to be forced into the central 
bond Neglect « ert il Correial 1 leads one to overestin e the importance ofl 
tnese fatter Col uratik and so to overe imate the average eiectron density in the 
central bond 
Now e of the exis treatments of ectron systems takes this effect of 
; vertical correlatiol » account Adjustment of integrals-* compensates to some 
: extent for the eTlical Correialit ) tine enc ¥, DUL Not Its ect on the 
Wave Tunction 1 ¢ seq uc Cle ron dist! iusion OF Conn- 
| 
; guration interaction In its c¢ entional fi allows only for the effect of 
correlation ihere ca ere re be no doub it all Curre! reatments 
: erestimate t electron de ty in the central bond oO! tadiene and 
a. quent re ance shortening; and there 1s at present no way oO! estimating the mam 
j 
1] ls af his ritict the 1 1 
Mulliken® based much of his « cism of our work on the results of suc 
tions: the argument ven avdove no valid Conciusions can be 
such calculations and so refutes his criticisms 
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molecules vertical correlation tends to share them equally between the two 7-lobes, 


and horizontal correlation then spreads out the electrons in each z-lobe so that they 


tend to be concentrated in alternate bonds ut a set of alternate bonds in a 
conjugated system must be t t writ uble in one classical structure; electron 
correlation therefore tends to concentrate the electrons in each z-lobe into the bonds 
written as double in a classical structure for the molecule. If there is only one such 
the double bonds; the 

lassical 


1 ciectron 


ms 
whole will 


ala 
its a pair of electrons 


structure than one would expect from current theoretical treatments In Whic 
corre ni legiected : 
Tes classic tructures can be writ ul i cules and mesomeric ions and : 
aie radic ich ; Here two s¢ lectrons have a choice of classical 
struct } tnere ( ell 1] icl e bonds. Co e- 
que 
Aa vento! tre ent ch more chance ol particularly if allowance 1s a 
made for the effect of vertical corre 1 oO ene! 
XI. 7) f al s tures 
a Our argument plies t vertical correlation ol electrons in a conjugated ae 
set of re r the con- 
alt i is can be ol 
QS | ( n. 1 tures in resonance theory 
a is WI princiy also been reached by a dillerent line o! reasoning not 
inc patible v that n here 
al ent does er, est at resonance ruc res otner an ciassica 
— 
cary ones Si ld be important. Each classical structure represen 1 preferred correlation 
for the t tror pving n If bo ts ol 
pattern for the set of electrons occuy a give ih set 
- » conform to the same classical structure, the rest ig configuration as 
conitorm to the Classical lormulation in which Cacn line represe 
Lg, ae concentrated in the region between two nuclei. If, however, there are two or more 
a 6 A. Pullman and B. Pullman, Experientia 2A, 364 (1946) 
Nees * 27 M. J. S. Dewar and H. C. Longuet-Higgins, Proc. Roy. Soc. A 214, 482 (1952). ; 
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possible classical structures, the two sets of z-electrons may adapt different distribu- 
tion patterns, giving rise to a quasi-classical configuration in which certain “‘7-bonds” 
contain single electrons. Thus in the case of benzene, if both sets of electrons match 
up, we have the two Kekule structures, Fig. 7 (a), (b); but if the two sets of electrons 
conform to different classical structures, we have the quasi-classical structures (c), (d) 
with one z-electron per CC bond. 


The structures d spond to the structure for benzene proposed by 
Thomson*> with three ‘ nd they may be described ; nson structures. 
Our argument implies that benzene can be represented as a hybrid of two Kekulé 
structures and homson structur the Thomson structuré an be represented 
conventionally 


naiene pro- 


nbination 
different 
nomson) 


difference bein 
structures to the 
energy calculated for benzene (Section V) was only 1-9 kcal/mole compared with the 
experimental value (Table 11) of 20-30 kcal/mole. A rough calculation shows that 
this difference is of the same order of magnitude as the difference on electron repulsion 
energy between Kekulé and Thomson structures. 


It is noteworthy that our method gave such a good value for the bond length in 


benzene (Table 3) although the value for the energy was much too high. This would 


#8 J. J. Thomson, Phil. Mag. 27, 784 (1914). 


0 re) 0 0 
(a) (b) (c) (d) 
7. Favoured c rurat ctr be ne 
K tructure Th structu 
fur her wit ra on re t > cfr res 
| IC a ere i ‘ FUCLUTCS, C 
Ol these 1n pall corresponding to the et electro! \ til 
correlation patter es three cl Kekule) and three se issical ( 
I 
1.e 

In the simple MO itment. effer ron repu are in 1 in the 
empirical resonance integrals. If tl al iluated, as in our treat t. fi thv- 
| 1) t} vy wil ry nond +}, r 

ing e same C:( nd (1.e. a ¢ r K e col The electron 
repulsion in the s ed § -classic 1 ¢ e less than 

this: our treatment of benzene should therefor » for neroyv 
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not be urp sine if our explanation for the discrepa Ti COrrect SINCE ¢ 
; in tron repulsion between the Kekule and Thor } structures is insensitive to - 
oO he d itive of t ference with respect to bond length would 
enter our caicuial 
n 
— 
am 
‘ — 
n 
; 
MO VB ay 
wv 
\ KC 
of 
W 
i 
W 
\ 
ri } } 
| 
| 
16 
M.J.S.D 29, 158 (1958 j 
= 


Resonance and conjugation—II 117 


possibility of non-collinear overlap giving rise to bent bonds (“banana bonds”). 


Coulson and Moffitt® have shown that the structure of cyclopropane can be very 
well interpreted in terms of such bent bonds: and the experimental evidence con- 
cerning bond lengths. etc.. provides no support for the continuous transition of bond 


that would be ex 1 if hybridization changed in 


the valence 


bent 


propertic 
contormity with bond angles 
| tron orrelation ld fa ) eyvmmetri lictrilhny 
Im cas \ | ren oT netr nt te i; 
etrical Constraint forms the adjacent atoms 
ri C la -OVaient Cardon, 
to (p car) overlap ils w rid orbitals 
| \ nN pal } eters probably 
cance yOridiza 1. The properties of a 
, 
\ 
/ 
CH it of 
Rel 
4 
\ H are 
in 
31 
4. Coulsor W. Me t. Pi 40, 49 
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If the vibration 


and acety lene 


of. G. Herzberg 


rthes f rf wtharn of a bond 
er from 1 guilibrium length (r,) The 
nd he de 32 but ery cu ersol Since the 
potion that r, can be 
7 
CH 4 
0-0044 A es 
(il) 
‘ 
i \U) ‘ 
H AQ) hy rt condition lor equilib- 
riu 
nal we as ed a relator twe force constant and bond 
i< “WC a iii ‘ 
lenet = 
en ine rm 
gee The constants a, 6, c were found by fitting the force constants for ethane, ethylene, 
ome gum; the data used and values found are listed in Table 13. 
« 
eS S tra of Diatomic Mo sles. Van Nostrand, New York (1950) 
We 
re a 
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Sixteen quantities have to be determined (Section VI); viz. r,', £ 


Ihe equations available are 


(16) 


lard MO 
nd 
and p 


brium: should 


also be a one valued function of bond length 


N. Schmeis 


te 119 
2 
equation (5) apy icdtor.,r.r (three reiauions) 
equation (4) applied to (r, £), (r’, (r", EB”) (three relations) 
fo 4 - equation (9) applied to benzene and graphite (two relations) 
‘ 
equation (4) apr gd to dia na al (two! ns) 
cia 
equation for zero pe enc! p E.) and (J E’,) (two 
<a relati ition of and acetylene, expressed as sums of bond 
- con plot of bon it near for four cases (ethylene, 
refere Klee! e the sixteen 
unh WI ft xT Sect Vi. 7 iiculation 
HEC 2M) had a 
lis 
A ippe diy 4 
i Ca Lie In our |] paper we proposed the following 
a method for ca ating bor 
i [he total energy (£) of the C¢ tem may be written 
} j \ 12 
wher t] rof CC b | respor ry, is 
in the cor d and J 1 ene! | ple MO theory, 
} 
al 
j \ (15) 
wh¢ re 
i 
; Since equatior 14) and (15) are s ir in for itv id appear that a stan : 
cak ition, wil replaced by he total energy (i! 1} 
compression) rather than v-enerey re] nt seems valid, since 
are all one-valued fur s of ngth in molecules in equili : 
ing, Ph.D. Thesis, London (1959), 
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In order to calculate E. ar 


1 iterative procedure must be used. Values for the bond 


u Gun and hence 


leneths are assumed; 


are calculated for each bond; 


equations gives the 


e orbital coefficients from which 


on he appropriate seculal 


bond l ; ite id from these tog vith the pil relation a new set 


The cycle 


until the bond lengths become 


e same meaning in equations 
rom orbital ficients: 


relation. 


20 
= 
a 
3 
Wif-consistent. 
The trouble with this idea ts that ae 
wal (15) sab 1 order to 
(15) and (16) 1 equi 
wm the assumed bond lengths using the p/r 
state. would be identical; but in the 
lus re is the « rer of al at a false solution. This hap- 
‘ an , ‘ yut 
pe nea W n \ rit 
| ) na e i owing aiternative and 
| m is to minimize the total 
n two parameters (lengths 
finding the { inimum 
i! I ota WoO- 
4 of tnesc . 
14 
(1 /) may not le id 
wen 
if } & 
np der of riabdies pri vided the initial 
\ prox oT the ana Ui 
app! 
nen to and ¢ as functions 
n applying the meu 
| e ove 
r Harts | Ihe values 
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ennal ones pie ‘ I 
from a Morse function 
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Abstract—Calculations by the Hiickel Molecular Orbital method have been made on ten non- 


classical aromatics, most of them non-alternant. Considerable resonance stabilization is predicted 


for all the systems studied Except for charge distribution in the non-alternants, the calculated 
properties are mostly similar to those of normal benzenoid aromatics. The application to our 


systems of Craig’s rules for predicting aromaticity is discussed 


He simple Hiickel Molecular Orbital Theory? has been used to calculate the properties 
of some non-benzenoid aromatic systems. In this procedure ov erlap is neglected, all 
coulomb integrals are considered equal, and all resonance integrals between adjacent 
carbons are considered equal. Calculations were carried out on an I.B.M. 650 
computer, using a standard matrix-diagonalization program 

The compounds considered are shown in Fig. 1, which also gives bond orders, 
ree valences and charge densities (in parentheses following the free valences).4 The 
charge densities of the alternant hydrocarbons II and V are unity at all positions. 
[he values for the odd system I refer to the cation. Delocalization energies for I-X 
are given in Table | 

For purposes of discussion, the results fall logically into three groups: (1) I, 
(2) II, V and (3) LIT, IV, VI-X. Of these substances, only Ill and IV are known.° 

The cation | has the same number of z-electron centers as the tropylium ion and 
a slightly lower delocalization energy.® Unlike tropylium ion, I has a lowest un- 


occupied molecular orbital which is non-bonding, so the radical and anion from | 


should have the same delocalization energy as the cation (neglecting interelectronic 
repulsion). The electron deficiency of the cation is much greater in the four- than in 


the five-membered ring 

Phe cyclo-octatetraene derivatives Il and V show no particularly unusual features. 
Delocalization energies per z-electron run somewhat less than those of benzenoid 
aromatics of comparable size (naphthalene is 0-37/ per z-electron). Our calculations 
do not, of course, consider bond-angle strains which could counterbalance the 
resonance stabilization of the planar system. II, at least, might be better than cyclo- 
octatetraene in this respect, since the fused four-member ring should help to flatten 
out the eight-member ring. 
To whom request ’ reprints should be directed 


* E. Hiicke hy sil , 240 (1931) C. A. Coulson, Valence Chap. LX. Oxford University Press, 
London (1952) yring, J. Walter and G.*E. Kimball, Quantum Chemistry Chap. XII1. John Wiley, 
New York (1944) 
We thank the Univ ty of ch t mputing Center for donating the time on the computer 
Tt juantit were Calculated f n t I ents of the atomic orbitals as described." 
Hafner and J. Sci der, Liebigs Ann. 624, 37 (1959) have prepared dimethyl-substituted derivatives 
of IIl and IV, but not the parent hydrocarbons 
* J. D. Roberts, A. Streitwieser, Jr. and C. M. Regan, J. Amer. Chem. Soc. 74, 4579 (1952) report 2-99 [ 
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Of the remaining compounds none is known, but Hafner® has prepared the dimethyl 
derivatives XI and XII, of Ill and IV, respectively. Within the limitations of our 
approximations, the methyl groups should not significantly affect our conclusions. 
Both III and IV have delocalization energies comparable to those of the benzenoid 
aromatics and none of the other calculated properties (including the distribution of 


energy levels),’ leads one to expect any pronounced differences between the two, 


Hafner®, however, reports that XI behaves as a normal aromatic, forming a trinitro- 


benzene complex and giving electrophilic substitution reactions (though the Vilsmeier 
formylation with dimethyl formamide and POCI, in benzene is the only one actually 
After completion of our work we learned that Professor A. Streitwieser, Jr. has performed more complete 


calculations on III and IV, : ding localization energies for substitution reactions. His results will be 
published separately 
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Molecular orbital calculations on some non-classical aromatics 


TABLE 1 DELOCALIZATION ENERGIES OF SOME NON-CLASSICAL AROMATICS 


DE per 


Compound* Total DI 
7-electron 


291 0-42 
2°84 
4-91 


CH, 
x! 

described). It also is recoverable from a solution in 50 per cent sulfuric acid. In 
contrast, XII gave no trinitrobenzene adduct and polymerized with acids and on 
heating so that no electrophilic substitutions could be performed. In defense of the 
theory one might point out that these differences are not necessarily consequences of 
differences in the 7-electron systems of the isolated molecules and may arise from other 
factors such as bond-angle strain. 

The remaining molecules, VI—X, are derived from Il and 1V by fusion of additional 
rings and mostly resemble III and IV in calculated properties. The delocalization 
energies per z-electron are also similar to those of benzenoid aromatics (compare 
with 0-37 for naphthalene, 0-38 for anthracene and 0-41f for pyrene). Highest 
bond orders in most cases are in five-member rings, but the bonds that are common 
to five- and seven-member rings tend to have low bond orders. A point of particular 
interest is that the lowest unoccupied orbital of VII is non-bonding, while for the 
other compounds of this group it is antibonding (—0-20/ to —0-448). One would 
thus expect VII to reduce to the radical-anion with unusual ease 

Ihe charge densities follow the same patterns as in azulene. Negative charge 
concentrates in the 5-member rings and is highest on positions adjacent to a 7- 
member ring. The 7-member rings are electron deficient, usually having their lowest 


charge densities in positions next to a 5-member ring. One would expect considerable 


regularity in the substitution reactions of III-1V and VI—X, since electrophilic attack 
Should occur at the position of highest and nucleophilic attack at the position of 
lowest charge density. Calculation of localization energies” would provide a check 
of these predictions, but the extra labor was not considered worthwhile in a pre- 


liminary survey dealing with mostly unknown molecules. 


G. W. Wheland, J. Amer. Chem. Soc. 64, 900 (1942); R. D. Brown, Quart. Re 
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The free valences, usually taken as measures of reactivity toward radicals, show 
considerably less consistency than the charge densities. In two compounds, VII and 
1X. the maximum free valence is at the same position as the maximum charge density. 
In all except VIII and X, the maximum free valence is in a 5-member ring. Free 
valences of one or more other positions of 111, 1V and X are quite close to the figure 


for the maximum position For comparison, most normal benzenoid aromatics have 


free valences of 0-40-0-45, though the 9-position of iunthracene has a free valence of 

0-52. Overall, the predictions on radical attack are more ambiguous and probably 
less reliable than the predictions on electrophilic attack 

Whether more sophisticated approaches an simple moleculat orbital theory 
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planar configuration are such that the difference between the al of all udjacent 
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with solution 


h R 0-907 A (assumed). (10) 


The other displacements follow from symmetry. lhe corresponding numerical value 
of the strain function V 1s 


We st now examine | re I out-of-plane buckling 
(b) and in-plane deformation (a). The tf € procedure would be to 
a 
2 
consider all possible deformatio iltaneo But vould be very tedious 
and will not be necessary if we cat yw that t-of-plane deformat nergy V, 
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that the molecule remains p 


(2) V,, caused by changes in C-—€ YI ths alone, still preserving symmetry 


On putting Ax, = «, — 27/3, A 27/3 \x, and using the potential 
function developed by Crawford and M r° for t n-plane vibrations of benzene 
(but with neglect of the small terms representing me 1- and para-interaction constants) 


we find that 


This is about twelve times as large as the out-of-plane V, given by (11). 


Similarly in case (2) we remove the H...H overcrowding by increasing each 


4B. L. Crawford and F. A. Miller, J. Chem. Phys. 17, 249 (1949). 
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C—C bond by 0-34 A. The total energy which is thereby needed (once again neglect- 


ing meta- and para-interactions) 1s 


g- i0-™ erg/molecule, 


which is about seventeen times as large as V,,. 
Because V, and V,, have comparable values, we could reduce the strain energy by 


simultaneou lange in both bond lengths and bond angles: and the deformation 


energy would be not smaller than 


J 


f le the rel » af etacin 
tify our conclusion that in the real molecule the release of steric 


take place almost entirely by out-of-plane displacements, and our 


best value that could be 


1S the quantity 
f the loss of 


include the 


tal van der Waals energy of the six central hydrogen 
oximately equal to six tim > van der Waals energy between 

a pall of H atoms 
(III) £,q, defined as the sum of the tabulated energies of the single and double 
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resonance energy would be simply Ly, E.). In Fig. 3 we have also used Ry to 


denote that value of R which leads to the usual van der Waals distance 2-49 A. 
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But of course the true equilibrium value of R, here called R,, will be a little less than 
is at the minimum of the 


Ry. since Ry is at the minimum of the £, 
The length Ry R.. will be small, since we know that the repulsive 
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hydrolysis of XIII gave in about 70 per cent yield 2-hydroxyanthracene-3-carboxylic 
acid, which is difficult to isolate when the arylamide is submitted to the usual drastic 
methods of hydrolysis with strong sodium hydroxide solution or conc sulphuric 


acid.' 


The condensation of 2 moles of 2-hydroxy-3-naphthanilide with one of cyanuric 


chloride yielded XIV Towards acetic anhydride and pyridine XIV behaved like the 


primary condensation product III and gave X. 


EXPERIMENTAI 


Condensation product (U1) of 2-hydroxy-3-naphthanilide with cyanuric chloride 


To a solution of cyanuric chloride (0-76 g) in acetone (10 ml) at 0-5’ a solution of 2-hydroxy-3- 
naphthanilic lg tone (20 ml) an NaOH (1-7 ml) was added with stirring. After 
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ur 
Pr 
Ph 
< 
are oe Ihe basicity of the nitrogen aton ; therefore greater than in benzar } ind a 
oe nucleophilic attack on DNCB beco p e. In the absence of sodium hydroxide 
nit vah t < ner ntinh ng nitrobenzene 
| 
Ay xplar tix ct ty of ti tre el is that 
react with DNCB 
Ihe react ties served when |! react nm tak piace e presence ta Dase 
reacuion may pr r DY k of DNCB l 1K rogen oO! 
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been found that N-met ide and p-hvydroxvbenzanilide react to the extent 
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_— of 13 per cent and 34 per cent respectively in one hour at about 66°. Under the same 
conditions rgoes 4) per « n. phenoxide reactivity 
towards DNCB reater than that of strongly 
by the pres ind 
i 
‘ 
— 
\ AS-KN (CLL A 
hecr Vil x 4 
: Me OH 
Led CC 
MeO 
Vil 
Napht AS-RS. C,.H, thoxy ip. Hyd 
e Ne the constitution of VIII followed and was confirmed by synth Similarly the 
a dinitropheny! derivative of Nap AS-KN n hydrolysis 3-hydroxydibenzo 
furan-2-carboxylic acid (XI) and N-2,4- trophenyl-x-napht imine; (XI) was 
identified by comparison with the acid obtained in a § i] Napht ) 
oe AS-BT (C.I1. 37605). which is known to be the 2,.5-dimethoxyanilide of XI 
4 
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EXPERIMENTAI 
de (ill) 


NaOH (1°5 ml) was 


DNFB 


) was shaken with DNCB (5 g) 
ition of the 

d benzet | ( ow plat g), m.p 194 
DNCB (Il ydrous i m irbonate 


OO for 17 hi solvent was distilled of nd the 


C.H,OH 


DME (Omi) 


DNEB 


B | Vial were dissolved if DMI 
200 mi) and a few drops of 


(Found 


8 g),m.p 


o-(2,4- Dinitrophenoxy)-N-methylhenzanilide 

N-Methylsalicylanilid 1-14 ¢). DNCB (1:14 ¢) and triethylamine (0-7 ml) were dissolved in 
DMF (20 mi) and sh: i tf $ hr at poured into water (250 ml), and acidified with a few 
drops of conc HCI. The yellow precipitate crystallized from ethanol in pale yellow plates (0°83 g), m.p 
176 (Found ¢ H, 3:7: N. 10°5, C, H ON, requires C. 61-1: H. 38: N, 10-7‘ 
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O.N NH CL 

y-3-na 

: As of 2-hvdroxy-3 ohthar de (1 ¢) in ethanol (50 mi) and 10 
sdded in 15 mit stirre of (| 0 After stirring for 2 hr 

—s rys ol (N vale velk es } 83°. raised to 194° after 3 crystal 
4: C. 648: H. 38: N. 96. C..H,.O.N, requires: C, 64-3; H, 3-5; N, 98%) 
b) W ove rear carried out with DNCB (1-2 g) for 3 hr at 65-70", the product 
ifter ryvst th \ Siig tiv Detter vicid was obtained Dy shaking the 
co) A of 2-hydroxy 
—T 
res \ ter ro sh red solid crys pilates 
O'S! g) ». 194 
j } (il) “= 
‘ 24 o) ml) ) NaOH ml) was refluxed 
vith DNCB )for 3 hr. D te ren edt obtained 
me is. Cc, 59 H, 4-0; N, 103. C,,H,,O,N,, SEE requires: C, 59-3; H 
4-4 9-9 
b) A of salicy e(2 DNFB(1-2 ) and triethylamine (1-5 ml) in 
a was shak it 25° for 24 en] ( er (100 Che precipitate crystallized from 
ic) Whe DNCB (2:2 g) eld of Il s2:25¢ 

4g tinued for 3 >The solu r (250 ml) | th conc HC! 

: The s ’ was eX bt ed after removal of ether crystallized from 

fe) DNCB (0-8 m vdr potassium carbonate (0-14 g) were 

refluxes (5 r4he to water (200 Worked up as above, the yield 
was 0-72 ¢ 

p-Hydroxybe nilide (O-¢ 
(10 ml) and shak« r24hra 

a conc H¢ The precip e crystallized from acetone in colourless plates (O- I. 22 | CU 
C, 60-2: H, 3-1: N, 11-0. C,,H,,O,N, requires: C, 60-2; H, 3-4; N, 111%) 

ik 


(25 ml) and shaken at 25 for 24 hi 
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Salicyl-2,4-dinitroanilide (1) 


A solution of salicylamide (1-4 g) in ethanol (20 ml) and 10°, NaOH (4 ml) was stirred with DNCB 


2:5 70-75 for 3 hr 


(2°5 g) at The yellow precipitate obtained on adding water (150 ml) crystallized from 
benzene in yellow needles (0-78 g), m.p. 213-214° (Tozer and Smiles, m.p. 213°). (Found: C, 51-6; 
H, 3-2; N, 14-0. Calc. for C,,H,O,N,: C, 51 
Relative rates of reaction of aniline, N-methy 


alicylanilide, p-hydroxybenzanilide and salic ylanilide 
with DNCB 


i) Aniline (0-186 ¢: 0-002 M.) DNCB (0-405 g: 0-002 M) and triethylan 
were heated in DMF (1 
H¢ The res 


0-002 M) 


iter (50 1 } ind a | itl conc 


nee { 
ecdies ol 


0-002 M) 


ive pale vellow 


ms of DN¢ B 


tol AS-RS 
Naphtol AS-—RS (1-7 g) and DNCB (1-1 g) were dissol ) triet mine (0-75 ml) and DMI 


Dilution with water (250 ml) gave a precipitate which crystallized 


145 
2 alumina. The reddish yellow band was eluted with benzene e solvent distilled off. The residue 
. was taken up in etl ol (5 ml) and cooled to 0 Red Gig 2 4-dinitrodiphenylamine (0-23 g), 
m.p. 158°, were obt 
4 ? (b) N-Methyls yla de (0-454 9: HEE was reacted with DNCB under similar conditions 
: Isolation of the product with ether and crystallization from ethanol by cooling to O° oq 
plates (0-104 g) np. 17¢ 
(c) p-Hydroxybe nilide (0-852 g: 0-004 M) was condensed with molar proporti 
chert bel a. and triethylas e as above, poured r (50 ml), and ac ed dilute HNO The precipi- 
ce 3 tate was filtered off, washed with cold ethano d dried (0-512 g; m.p. 222 Che aqueous filtrate 
was extractec er and the ri § iS eS is (0-1807 ¢) 
der some r chioride ts C rse of the a LYSIS to pept pe pS Caused 
by ted ydroxyb de in aqueous s tior 
(d) irr exper ie (0-852 of Ac vas 0-507 
The N-2,4-dur p itive (0-910 g) extrac ac ed solution 
vith ether and cr — corresponds to 88 
reaction, whe the N rophe ed was only 5 liscrepancy arises 
a a partly from t bilit f the « trophe erivative ‘ yi side reactions 
d ed be phe n | In experime recovery ol 
the products isn rry ¢ lative 
: Hydrolysis of (1 
( A of 10 NaOH (S51 vater (40 ml) was stirred 
m.f ‘ 2.4 i . ca O! 
diox filt i th H¢ I yrecipitat fter tions from 
iqueous eth (N e brownish plate m.p. 219°, ed xy-3-naphthoic 
(b) A mixtur f 111 (0-5 ¢), ethanol (10 ter (40 dium carbs te (5 ¢) was refluxed 
: for 14 hr, and the red. 1 0-23 g) « d | (Norit) in 
?-hvdroxyv-3-1 d (0-12 ¢ ered 
Naphtol AS-RS 
The Nay iiter rem 1 ter-s IDK iterial, crysta ed | m pale brown 
needles, m.p. 20¢ d: C, H, 4 ( 10-8: N. 4-4. C,.H,,.O.CIN requires: C. 66°8: 
H, 4-7: ¢ 10-4: N,4 An ak cs San rreen ¢ 1 ferric 
The dye obtained by vith d tizec e cry ed fron icial acetic acid in red 
+ needles, m.p 268 (Found: C, 6 H, 4 ( R«] N. 9-4. C..H.,O.CIN. requires: C. 67°3 
H. 4-5: Cl. 8-0: N, 9-4%) 
N-( 
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una, crystallized from benzene in red needles (0-49 g), m.p i88 


Cart pull ( 52 H The sub- 
5’-dimethoxyd phenylami ie, prepared by ing DNCB 


(DRP 


a clorobenzene solution on 
a (Found: C, 52-8; H, 3-8; N, 12-9 
ance iS 1ae read as ..4-dall 
vith 2.S-di anilir 
with 2£,5-dimethoxyaniline 
Conds m of 3-hydro liber furan-2-car i with naphthvyvlamir 
say? ) robenzene (20 n 1 DMF (1 ml) was heated on a water-bat! th 
Crvstal- 
lizatio ce t depressed by th Naphtol AS-KN 
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SUN P ire Se VMiessrs 
; 


Tetrahedror Pergamon Press Lid uted in Northern Ireland 


A DEGRADATION OF GELSEMINE 


\ Roe! and M. GATES 
The ( ersity of Roc 


is described 


Abstract 
sernpercvirens 
al.* and 
ikrabarti?® 


ndependently 


Departme f Ch ester, New York mek. 
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Conroy lative t they describe for a 
N(b 
ernary itives of this 
H 
Thu n attempted Hofmann 
i N 1 N mine respec- 
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attached to a carbon atom which stood f to N(b). In this circumstance it should be 


possible to effect a degradation of the following type: 


NICH,). 


to the 


wnose 


hydrate” is 
fugitive inhydro-t 
derivative VII ib] 


sublimation give 


>i 
\ 
4 
Re cuions Of tis sort ave observed in simple systems partucularty when 
: the carbon atom is disubstituted, and the reaction is similar in principle 7 
successful degradatio ul ou y Co y*> on the related betaine II], mi_«©_ 
CH 
A 
W iccorall nda LOO} i Si iV oF the legradation or the metno- 
hydroxide of N(a)-t! tnyi-nor-geisc ne arbinol (V), prepared Dy vorohydride 
>) a reduction’ and methylation of Marion’s N(a)-methyl-nor-gelsemine aldehyde (IV). 
The results obtain ere unexpe ind while they do not add to the structural 
CONCTIUSION ail e consistent * struct a proposals ol 
: Pepin ky and of Conroy and seem to be of sufficient intrinsic chemical interest to f 
report 
When the crystalline N(a)-methylgelsemine-nor-carbinol methohydroxide tri- 
1, the 2 2cnirotrimethvlen oxide 
\ ‘ u e a pirou viene wide 
mes in nearly quantitative yield \nalysis immediately alter 
ives values corresponding to C,,H.,.O.N after several days the 
> NICH.) 
(Cc 
N(CH)» 
| vine ¢ Ab p ia Me ‘ the Americal 
ild IV (cf. I Meerw Ponndort 
\ clio | ‘ irbony! does 
not ro ms ¢ n ba NMR spectrum of 
L. Mar 1K. Sa 35, 30 
y Ni (a } me ste I 1 DY OxiGalive Cicavage 
Mea: eae ; and borohydride reduction of the aldehyde if er ste cf. Experimenta 
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In Table | 


compared 
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8-0 4 region in some trimethylene oxides has been noted by Campbell”. A comparison 


rption in this re several 3.3-disubstituted trim 


of the infrared 1h ylenc 
“a oxide derivatives and of our anhvdro-base is given in lable é 
vreal ise with ion | torn W freshly 
| vil 
\ 
to the es 
\ 
: 
‘ 1 
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ization from benzene i é 250 (Found 


C, 


ec IV (60 me) v eated und ux for 13 hr with 


extraction with 


ler ether and 


irom 


iS 


neen 


about 
Crude 
(dec), 


material ol acceptable 


the iodide (or the 
hvydroxid nm < he stallizec absolute 
N, 6°99. C,,H 
H,O req 
Nia} rel se meth d s prepared from the iodide by ton 
fine needles, m 
4-2). 4-39 (loss in 
7: H.O (loss of | HO) 
c 0-88, water) 

This was prepared by 
heating ution of the n did | acet inhvdrid for 30 min. The 
cooled ited \ ) ind wn mn concentrated to 
dryness und f d pre ri residuc dissolved \ treated with 

prisms, SI n m.p. 2 2 (dec). Recrystallization 
t (dec). IR max inter alia 5-82, 5-88 and 7-98 ~ (O-acetyl group 
oxindole ci (Found: C, H, 5:71. requires 
of Nta)-methyl-t relsemine carbinol methohydroxt The anhydro-base VUl. When 
this methohydroxide (48 mg) was heated a stream gen at temp ranging from 150-190 , 
extensive decon positio pl I } am was passed nto 2 N hydrochloric acid 
saturated » 2,4-dinitr nvihvdrazine, but no formaldehyde 2 +-dinitrophenylhydrazone was 


detected. Sublimation of idue at 10°-* mm and 150-200 afforded a sublimate (5 mg) whose 


infrared spectrum was identical with that of N(a)-methyl-nor-gelsemine carbinol 


152 4 

crop had m.p. 242-247°5 Recrystall 

The same substance resulted when the aldenyd 
q 
5 solut f 1-2 notass vdroxide in 6 ml ethanol. Dilution with water and i 
— shahble fr that of samp lescribed above 
14205 ec). 0 H. 603: N 1, 25-20. C,,H,.O,N,1I require 2:28; H, 

$-65: N, S81: I, 2632 16° (¢ 1-05, water) 

trat hy bh ren CE ces of w r. cooled. and treated with 

fa 49 net » hvdrid Afi the it copious ras 

aod heated ler reflux { > hy wed to cx reated with 4 ml 

for sever I rless cryst e solid, crude Nia)-methy! 

washed with h irie 8-88 o) d converted to the 
ch hy excl Dowex 2-x4 (chlorick queous me ino! he 

et 25 ml wat 

centrated vield (theory 5-08 of the cl rice As s subs ce ni water 

was treated Or n tetroxide Ac wn Color produces a 

drop The brown but es v homogencous § was VCC sland inen warmeu 

treat vith 2 es m boro irid M Vas cd a fine black precipitate of osmium 

ee linxide was prod After st ling ernight the s t Ls ered, conce ited to a. 
0 inde she essure (¢ preci ed wil lide 
ret hich 5.0 eory 41). mut 
crvsta e Nia) crm © caro ‘ uc 
i 

1 
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When, however N(a)-methyl-nor-gelsemine carbinol methohydroxide trihydrate (205 mg) was 
sublimed at 160-170 and 10°* mm, a colorless sublimate was produced, and an inappreciable residue 
(2 mg) remained Analysis of a sample of sublimate prepared in this way immediately after sublima- 
tion (Found: C, 71-40: H, 7-73. C.,H.O.N requires: C, 71-17; H, 7-39 id *s that an 
anhydro-base has been produced. Analysis after a week or so suggests that water is being absorbed 
(Found: C, 70-24: H, 7 , ublimate is readily soluble zene, chloroform, 
ether, acetone ; letnhanol Dut lubl wat When i portion of the sublimate was dissolved in 
SO aqueous etha the | i ij I ] a glass electrode increased fron 2-3 in about 
mit l f tl t oroform d ) d tanding crystalline material whose 
infrared spectrul i idistinguishable from that of tl a f a)-methy or-gelsemine carbinol 
methohyds whi ynta d no 1odide n, n water had pH ca. 12 and 
whose electr »phoret c mob 
ittempted quaterni 1 hy he vil iod sublimate (10-* mm, 
160-170) from 345 mg )}-methyl-nor-gelsem meth lroxide trihydrate (residue 
vas taken into methyl tod ind allowe n ! moval of the r hy! odide and 
ion of tl unchanged 
were removed, 
n methanol 
or-gelsemine 
methiodide 


frared spec 

ittempted H 1 devradati 1 fit) me aide! Onvydarox ide Nia)- 
Methyl-nor-s mir lehyde me id 16 mg), prepared from the al hyde the usual way 
and crystallized from n the 55 le with d ‘ | H, 5-46: 
H..O.N,I re ad | 5-25 \ verted the hydroxide in 


methanol over Dowex 2-x4 (hydroxide form), and the residue remaining after removal the solvent 


was sublimed (at 170—-180° and 2? frared spectrum of e pale yellow sublimate 


(10 mg) was indistinguishable from that of Nia) thyl-nor-gelsemine aldehyde 
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: 2 e (IN 
prepared 
thic | i] I ica on 
CYCIOPL | \ nt 
COCH, 
“H.CO.CH, 
CH 
“OOC.H. 
CH 
I 
Surprisu y IV reacted with the usual Ketone reagents lhe 
how norted by 1 r behaviour and their spectra The former gives a 
VIVIG CK react wit chi ride and 1s stro! cidic. the latter 1s retractory 
ae Oe in bot respects ( omp nd Il forms a very s ) yd ind in the inifa-rea 
spectrut erv intense vdroxvl band its width (2800-3200 cm recalls 
im, ¢ a 
Part Ill: E. D. B imer. Cl soc. SI, (1959) 
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Experiments in the 4-arylcycloalk-2-en-l-one series—IV 


the absorption of a carboxylic hydroxyl group; indeed, the enol form of II is a 


vinylogous carboxylic acid. For II, the ultra-violet spectrum in ethyl alcohol shows 


two maxima 251 my (3-43); 289 mu (3°12), which is indicative of alicyclic 1,3- 
diketones’ and has been explained by Blout er a/.* 

For synthetic experiments, e.g. the Stobbe reaction, the monoketal of II appeared 
to offer possibilities. The monoketalization was attempted in the manner which had 
proved successful for cyclohexa-1,3-dione’ and in the expectation that the less 
hindered carbonyl would react preferentially, giving V. In fact, no ketalization took 
place; the product obtained was either the /-hydroxyethyl ether VI or VII, which are 
derived from the two enolic forms of II, the latter reacting like a carboxyl group 
yielding the ester, or a mixture of both. The analysis conformed with the formula 
(as monohydrate), and the infra-red spectrum revealed the presence of an alcoholic 


| 


hydroxyl group (3450 cm~*) in addition to the carbonyl band. 

Che diketone (11) was, therefore, converted into its enol monoethyl ether, probably 
the mixture of the two isomers VIII and IX. These enol ethers, too. give fairly stable 


¢ 2.A2 
Their absorption spectrum sl ed a ma at 250 mu (3-43), 


exactly, as the corresponding cyclohexane « 


monohydrates.! 


Chem. Soc. 71, 1073 
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: 
omy 
R 
VI R H.CH.CH VI. R=OCH.CH.OH 
Che Stobbe ction with the mixture of the enol ethers VIII and IX produced an 
( id product \ ‘ ch i¢ ] vave upon 
| } vil ry ry ry ) 1) ner t ter 
of the mpo ion 4 H ) I mt snowed tw nira-red ion bands 
in the carbonyl 1 1687 and at I1823cm™. represents a seven- 
me Tin ( ro tne icates the pre nce turated 
-lactone Fo i X propo s compound. It wouk ormed from 
IX by the following route (see top of ge 156 Ihe Stobbe product (IX A) 
has the tructu O substituted 3-benzylidenepropionic acid and is thus 
capable of undergoing | pl nthesis of | Erdmann": 
tne proauct, a ( ivalive Ol ine slavdi o-nydroxypnenyiacetic acid, 
H. Bastron, R. E. D iL. W. Bu /O Ci 8, 522 (1943) 
R. Bh Vv. W. I J A 68. 56 
M. W. Cronvyr d J. E. Goo 1. A 74, N52 
The analytic ires given by Berg: for inalogous 1 oet thers derived 
from 4-1 VICYCIO Xa ilsO point to ex of me ol Cor ounds 
C. D. Gutsche, J. Amer. ¢ 71, 3 149) o! yeak for 2- and 3-phenylcyclo 
. : heptanone at 1688 cn t 4-phenyicyclo nor bsor at 1700 cr 
; 2 J. F. Grove and H. A. Willis, J. Chem. Soc. 877 (1951); R. S. Rasmuss ind R. R. Brattain, J. Amer 
Ges. 16, 43 (1883); Lieb inn. 227, 242 (1885) 
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after cooling, acidified by 30 ml acetic acid followed by water 


continued for 2 hr a: > mixture 
The produc th ether to sodium carbonate 
solution (5 id ion with cold di was extracted agair 

henylcyclo- 


anolic 


4 
hey (il) i mm product gave a Geep-violret Colour reaction vith eth 
c chioride ag did cac e ors caro uc It holds tena- 
(3-43) 289 mu (3-12) } 1700 is t | j 11724 cn ) 2800-3200 cm (hydroxyl) 
a ig d: ¢ 21; H, 7:3. C,.H,O. re C, 77:2: H, 7-0. C,,H,,O."H.O requires: C. 71-0 
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SUBSTITUTED 6,7-BENZOCOU MARAN-2-ONES FROM 
THE STOBBE REACTION OF BENZYL KETONES 


Abstract \ 
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Cyclization of Il with polyphosphoric acid gave a neutral product of the formula 


C,7H,O,, which is not a ketone. Its ultra-violet spectrum resembles closely that of 


naphthalene; in the infra-red, a pronounced maximum was observed at 1823 cm~, 
pointing to the presence of ; -unsaturated y-lactone system”’:® for which a value of 
1800 cm is accepted 
The following mechanism for the formation of C,.H,,O, is proposed. leading to 
he structure of 6,7-be 4 5-cycloheptenocoumaran-2 VI 
OH 0 
H.. 
( i] \ 
( \ T 
\W lil 
vil 
Vil 
Vil 
envi 
| Ice 
‘ 
nt y 1 e 
spect 1X 


LF. \ 
16 227 R.} 
H 114 
17 
K. I 
80. ¢ | 
Cc. f 75 M. W. We 
= 


= 
X. which has infra-red and ultra-violet spectra (sec Table 1) almost identical with VII. 
f 
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The condensation of phenylacetone with diethyl succinate has been studied by 


Dice and Allen™. The use of sodium hydride in boiling benzene (no reaction takes 
place in the cold) results in a 80-90 per cent vield of a mixture of two half-esters XI 
and XII (R C,H,), exhibiting a broad absorption band between 225 and 240 mu 
The mixt f the corresponding acids XI and XIE CR H), obtained by hydrolysis 


with bar » hydroxide. also shows this band Treatment of the mixture of either 


Ml C=C. CH, COOH 


CH, COOR 
XI C,H,.CH=C—CH CH, COOH CH, 


CH, COOR xm 


these half-esters or acids with polyphosphoric 1 gives the same product, which 
according to analysis tri d absorption at | cm! and the ultra-violet spectrum 


(Table 1) is 4-methyl-6.7-benzocoumaran-2-one (XIII) 


IN CHLOROF 


Compour 


Vil 
xX 
Naphthalene 


RIMENTAI 
?.Chior chlorine wa ibbled throt 
224 g cyclohepta 6 ? it srvtal the ght of the mixture had 
thr). The 
magnesium 


igh a Suspension ol 
ncreased by 140 ¢ (about 
none v S$ separated ‘ } \ | with water, dried over 


2-chlorocycloheptanor b.p 116° (30mm), 1752 


2-Phenvyicycloheptanone To a solution of phenylmagnesium bromide (1:5 moles; from 36¢ 
magnesium a $$ e bromobenzene in 400 mi dry ether), a solutior f 146°5 g (1 mole) 2-chloro- 


cycloheptanone in 300 mi dry ether was added with stirri 


w keeping uixture boiling gently 


Stirring was continued for | hr more the ether distilled off and replaced by 400 mil dry benzene, and 


J. R. Dice and G. R. Alle J. Amer. Chem. Soc. 74, 1231 (1952) 


‘3 The spectra were examined only above 250 my 


4 M.S. Newman, M. D. Farbman and H. Hipsher, Organic Syntheses Coll. Vol Ill, p. 188. John Wiley, 
New York (1955) 


Ag 
160 
a 
% 
CH—CH,.COOH 
Ln 
COOC,H. 
COOH 
yn x x 
TABLE 1. SPECTRA OF 6.7-BENZOCOUMARAN-2-ONES M 
294 (3-72) 104 (3-70) 318 (3-63) 334 (3-43) 
(2-74) 1)? (3-19) 316 (3-62) 331 (3-40) 
224 (3-72) 291 (3-75) (4-434) 327 (3.20) 
: 267 (3-70) 278 (3-70) 287 (3-60) 311 (3-40) 
> 
Lae 
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the mixture refluxed for 8 hr. After cooling, ice and water were added, and the benzene layer washed 


with dil. sodium carbonate and water, dried and till yielding 2 phenylcycloheptanone (56 g: 


30°,); b.p. 130-134" (3-4 mm) The 2,4-dinitrophenylhydrazone after recrystallization from 
ethanol had m.p. 138° (lit 138°) 


3-Carhethox y-3-4 2 acid (1) 
j 


To a suspension of 12 g (0-5 mole) sodi hydride in 300 ml dry benzene, 87 g (0-5 mole) diethyl 


succinate, 6 phenvicycioneptanone and U-5 mi absolu ethanol were added After 


refluxing 31 in vig tirring, t I ture was cooled and acidified with 35 ” acetic acid Ether 


water were added a t ean iver tracted veral times with 5 sodium carbonate 


ayer was then washed with water, dried and concentrated 


et ether (40-60 ) and yielded 5 og diethyl 
succinosuccinate, f thanol m.p. 126 From the filtrate, 24 g (40°.) 2 pher yicycloheptanone was 
recovered 
iline extract acid t hydrochlor wcid and the oily product 


ereal s« vas wa d with water ar lium chloride solution, 


e (0 oil, which slowly crystallized Trituration with 


ns from cyclohexa gay ¢ (7 ) of II as colourless crystals, m.p 


H, 7-2. C,,H:,0, 


6,7-Benzo-4,5-cy« 


(; ixtul ar al ‘ lyphosphoric acid was heated wi irring at 100° for 3 hr 
After the additior i wate produ ecrystallized from butanol yieldin 3g (82°) of 
VII, m.p B°. Anes’ 2 3°63), 33 3 Ga 
(Found :¢ 

(b) The same product btained bett eld as follows: The acidic fraction (5 g), 50 ml hydro- 
bromic acid (48 °.), 75 n etic % 1 and 25 ml water were refluxed for 14 hr. The volatile products 
were removed in vacuo and the residue treat V 1 water and a mixture of ether and ethyl acetate 
(1 1) Removal of the org nic soivents telt ly residue which after distillation yielded 2 
of an oul perhaps VILL, exhibiting two strong il vi nds in the 

rhe distillate (2 g) was heated with 50 ml polyphosphoric acid at 100° for 3 hr. The product after 
addition of ice and water, was recrystallized from butanol yielding 1:2 g (70%,) of VII, m p. and 


mixed m p 168 


4-Methyl-6,7-benzocoumaran-2-one (X11) 


(a) A mixture of 67 g (0-5 mole) phenylacetone, 130 g (0-75 mole) diethyl succinate and 1 ml 


absolute ethanol was added to a suspension of 18 g (0-75 mole) sodium hydride in 300 ml dry benzene 


| acetic acid, ether and water were added. 


and the mixture refluxed for 6 hr. After cooling, 50 ml glacia 
he acidic product was extracted from the benzene layer with sodium carbonate (5%), acidified with 
dil. hydrochloric acid and again ether extracted. The product (110g; 84%) distilled at 200-210 
(05mm). The ultra-violet absorption [in ethanol broad band from 225 my (log ¢ 4-16) to 240 my 
(log ¢ 4-15)] indicated the presence of a mixture of 3-carbethoxy-4-methyl-5-phenyl-3- and -4-pentenoic 
acid (XI, XII; R = C,H,). This mixture (10 g) treated with 150 g polyphosphoric acid, yielded 5-7 g 


4 


(75) of XIII which recrystallized from butanol, m.p. 158°. / — 284 (3-73), 291 (3-75), 301 (3-43), 
327 mu (3-20). on 1823 cm (Found: C, 78-9; H, 5-4. requires: C, 78-8; H, 

(b) Isolation of the dicarboxylic acids XI and XII (R H). To a solution of 400g barium 
hydroxide in 1 |. 50°. ethanol, 20 @ of the half-esters XI and XII (R C.H.) was added and the 
mixture boiled for 5 hr. After cooling, the barium salts were collected and acidified with dil hydro- 
chloric acid. The free organic acids separated as a white solid, which after two recrystallizations from 


toluene had m.p. 148-152° and, according to Dice and Allen'*, was a mixture of the two dicarboxylic 


“C.D. Gutsche, J. Amer. Chem. Soc. 71, 3513 (1949). 


: 
— 
yielding an “acidic fraction”. The organic 
vielding a “‘neutral fraction” 
dried and evaporated leaving 
143-144. Amax 233 my (3°89). VooOmax 1715 (Found: C, 721; 
~ 
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4-07) to 242 mu (log 


ultra-violet spectrum showed vad band from 210 mu (log 

the presence of such a mixture (Found: C. 66°8; H, 6:3. CysH iO, requires: ¢ 
lded (82°) of m.p 

VeOmax 1823 cm 
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EQUILIBRIUM RELATIONSHIP OF D-HOMO 
KETOLIC SYSTEMS! 


N. L. WeNDLER, D. TAUB and R. W. WALKER 
Merck & Co., Inc Rahway, New Jersey 


(Received 6 April 1960 1 revised form 22 June 1960) 


Abstract—The ability lroxy-20-keto 


steroids to equilib ions has been 


1 


nstrated 


ry 


de 


THI 


D-homoannulation rearrangement of 17-hydroxy-20-keto steroids had. until 


very recently, been considered to pursue a relatively well-defined reaction course as 
predetermined in large m itter regard either alkali, 
heat or Lewis ac change. These 
transformations ‘en discussed at 
some length just recently.’ 1 195 phimoff-Felkin a krobek published a 
paper* in which they that the isomeric ketolic 
systems A and B, derived could be interconverted 
aluminum t-butoxide de, moreover, 


[hese findings were the first indication of the tv al ack of unidirectional 
character of this ring ex 
Independent of had made > same 


1959): N 
R. Firestone, 


m, Bull. So 


e contridDution ol 


70 (1952) 


‘ 
aiso ret. 4 


and discussed 
4 
oo. that this interconversion arose by retrogre he ( 
a arose DY retrogression to the normal steroid ©. 
CH. OH 
CH, 0 
OH 
(a) 
CH, 
OH 
HO 
(c) 4 
eat ! For preliminary accounts of this work see * D. Taub and N. L. Wendler. Chem. & Ind. 902 § 
( L. Wendler, D. Tau nd R. W. Walker, /bid. 903 (1959 N. L. Wendler, D. Taub and 
a Experientia XV, 237 (1959) 
3 1. Elphimoff-Felkin and A. Skrobek, C.R. Acad. Sci., Paris 246, 249 1958). For details, /de -. 
tsa on i Chim. 742 (1959). Through inadvertence on our part we had overlooked in our ea r communications, 4 
4 d nomo rearrangement. 
Sec and W. Klyne and C. W. Shoppee, Chem. & Ind. 
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}-methyl-D-homo-5/- 
methyvl-D-homo- 


observation.! We found that 
androstane-11.17a-dione and 7a 


-11.17-dione (1) either pure 


ntercony 
re Was produced, 


nd 35 per 


i 

5p-androstan 
isomer with aluminum t-butoxide in ton 
ae thereby. an equilibriu Th con of approximately 65 per cent III n 
cent ] We further i) ina und that the 

| 

Il: there was n clat Il and 
be 
> 

+3 
IV 
20-ket teroid prec 
Sev veal M bly 1-Felk re 

conformatiot of bond D-ho re wi 

introduc » this vhic 
less definit Rece \ nik he 

sossibility at icast 1 Ket lil) may ha in wal 

matior Further, 1 conformat ent to acco! late identical 

bond l-a C TCs i torcl epi | nhvdroxy 

20-amino pregnane d 

— as well as equilibrium p be expected r studies had trated 
for example | 
N. L. W 1 N. L. W 1 » 

Felk 

ox 

‘N.L.W D. Taw H.L.S Amer, Chem. Soc. 77, 3559 (195 F. Ramirez and 

a S Stal 77. 134 78. 644 

: 
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derivatives is catalyzed by Lewis acids to give 17af-ketols (type II) and by alkali 
to yield 17ax-ketols (type I) as the major, if not exclusive, product. We had 
prepared by Stavely® 
hydration of the ethinyl carbinol (Xb). The 17-isopregnanolone was found to be 


quite unstable, melting at 120-130" with phase change and total rearrangement, to the 
17af-ketol(I1), m.p. 223-226". Similarly, compound XI was converted to the 17af-ketol 
(II) essentially quantitatively an alumina. On the other hand, treatment of the 17-iso- 
pregnanolone (XI) with boiling 2 per cent methanolic potassium hydroxide for 5 
minutes produced the known 1|7ax-ketol (I) in essentially quantitative yield. The 
latter represents the kinetic product of rearrangement since both the | 7-isopregnano- 
lone (XI) as well ¢ 1¢ |7aa-ketol (1), when boiled for 20 hours with methanolic 
potassium hydroxide, yield the same 50 : S ‘r cent equilibrium mixture of 
17ax-ketol (1) and | }-ketol (11). Likewise he 17ap-ketol (II) also 
produced the same equilibrium product | 


OH 


Hazen, Tetrahedron 


4 
a 
J 
+ 
; 
= OH 
C=CH COCH, 
RO AcO 
H 
—— 
HO CH, CH. OH 
UN hours 
4 -) 
CH 
| 
CH, 
‘ 
‘ 
xi b XIo 
**C. W. Shopp D. A. P Me Ci 26, 185, 2 4 (194 R. B. Turner. J. Amer 
cal Chem. Soc. 75, 3484 (19 R. BL I R. Antik R.H J. Meier H. Heusser, Helv. Chim 
ie * H. E. Stavely, J. A Chem. Soc. 62, 489 (1940 e also ref. 8 
H. Sarett, J. Biol. Chem. 162, 601 (1946); N. L. Wendler, R. P. Graber and G. G. 
3. 144 (1958) 
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rangement has 


ippreciated It 


ba 
on 
i Oe In conclusion it may be said that the D-homoannulation reat a 
re at if to be muc more diverse in characte! pres 
is a trans in ype St a 
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It was dissolved in 150 cc formamide and extracted successively with hexane. cyclohexane. cvclo- 


1 : 4, cyclohexane—benzene 1:1, benzene and benzene 


hexane —benzene chloroform 1:2. Each 
ss. The benzene 
2-01 g of the 


cyclohexane | >X 


extract was was! 


(II) (see 


H, 8-64 


ring D in XI 
he AMp XII-X1I is 


ior tl O 0 


J. P. Mathieu and 


: 
> 
below). XI had j 2:74, 285-290, 5-78, 5-86, 8-0 (Found: C, 70-94; 
Calc. for C.,;H,,0,: C, 70-74: H, 8-71°%) 
j 
Isomer Product 
Rea t Component tsolated 
CH, OH 
¥ 
Or ; I] & 
“al AcO R, ~ O57 crys 
I 
HQ. CH, 
‘ 
OH OT; [—-Paper « tograpny 
AcO O74 
re) CH, 
OH 
\ +0 I ALLO chro tography 
OH HI; 20 I 
AcO R,~ 0-8! 
0 OH 
CH, \ 
OH ) | I] la il 
Chi 
AcO R, ~ 060 
IV 
The hexane and cy 1X $ cons pr rily o U.V. absorb non-crystalline 
yellow material which gave stant s strong st an nobile or 
paper B Tretia’ vith Turner's tris iteT | | 17 if o-17-ket D-homo 
: : P| s 5-membered was demonstrated by successive treatment of XI with lithium ; 
148 omy ) 135 ind rious soivents) 
xy-20-ket D ym Pouvoir Rotatoire Naturel I, 
A. Petit, Masson et Ci Paris (1956) 
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A REINVESTIGATION OF THE SOLVOLYSIS OF CYCLOPROPYL- 
CARBINYL CHLORIDE IN AQUEOUS ETHANOL. ISOMERIZATION 
OF CYCLOPROPYLCARBINOL * 


Marorie C. Caserio, WILLIAM H. GRAHAM? and JOHN D. ROBERTS 
Gates and Crellin Laboratorie ~ Chemistry ilifornia Institute of T hn 


CCHNOLOY 


1960) 


INTRODUCTION 


Stupigs of the solvolysis of cyclopropylcarbinyl chloride (1) in aqueous ethanol by 


wo groups of workers have given somewhat differen i Chloride (1) was first 


obtained pure§ by Mazur" via vapor-phase photochlorination of methylcyclopropane, 
and he made a rather extensive investigation of its solvolysis reactions. The behavior 


iewed in the light of the knowledge of the 
time. In the | his and other solvents was uncommonly 


reactive for a saturated and, second, by the time 30 per cent of the 


theoretical amount of chlorid . was liberated, I essentially was co! iy letely converted 
to a mixture of substantially less reactive cyclobutyl and allylcarbinyl chlorides in a 


ratio of about to | prodt 


ictS arisin ron | were cyclopropyl- 
‘ ‘ all 
carbinyl and cyclobutyl acetate he ratio of about 


atew percent 
of allylearbiny! a 


Similar. but much less extreme, behavior was noted in per it aqueous ethanol 


In this solvent. rearrangement was found to occur at only about third the rate of 


h 
sponding to chlorides 


Roberts and R. H | em x. 73, 2509 (1951) 


; 
7 
Pasadena, California 
( Received March 1960 ed form 30 April 77=7/! 
4 Abstract The solv cyclopropyicardiny! chioriae 1 ethanol ts attended by substantial 
7“ rearrangement—no o the so ysis products include cyc \ 1 allylcarbinyl alcohols and 
ethyl ethers but cyclopropvicarbiny! ¢ rid dergoes par rearrang “internal return” 
LO CYCIODULY Or Cs WUC re ) spect! COpyY has been used 
to dem stra le pe-| ) C eme Kes ce under quite mild 
conditions so er ipeied CYC yicarol a cyciod in 1 thionyl! 
te oy chloride. Isotope-position changes have been studied icid-induced isomerization of cyclo 
CH.C + CH=CH-CH.CH.CL + oH H 
0 CH 
+ 4+ CH 4 CCH 
* This research . upported in part by a grant from ti Petroleum Researc } ladn tered by the 
American Chemical S« Gratefu k reb fun 
researcn Was also Ipportes part e Office R extended 
Presented in part at the Nationai O C/ Amer. Ci Jur 15, Seattle 
(1959) 
ae Contribution No. 2554 from the Gates and Crellin Laboratories of Chemistry, Calif 1: Institute of 
* Arthur Amos No Resear Fello 
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Although the reaction products were not determined in 


liberation ol chloride ton. 
il heterogeneous reaction with water was found to give 


50 per cent ethanol, the neutr: 

rearran and a mixture of cyclopropylcarbinol cyclobutanol, and allyl- 
J 

carbinol in proportions ; nec ’ the treatment of either 

ne with nitrous acid 


cyclopropy! 
1 allylearbinyl chlorides in 


The rez 


sol, olvt 


and 
xample of “internal return” from 
phenomenon was first clearly 
and 

rmally high 

orides and 

rmediacy 
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th 
non-Ciassica 


chloride, whereas a 
ibout 
ration 
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94 mole p cent | by; fits cooling curve. S a stuc ercen 

than, dt yt he about Sas lar is hutvl 
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10 ( riha bh ord Ny ‘ ce for inter i| 

vere stated to b cord lirst cer throughout [he solv 

product ere nol 
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Lc.B K. Soc. 925 (1940); E. 

Amer. Chem. Soc. 70, 841 (1948); S. Winstein, E. G iid and H. W. 
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d 


Small-ring compounds—XXIX 173 


derivatives may solvolyze by way of a cationic intermediate without formation of 
rearrangement products and that the enhanced rate of solvolysis may not be due to 


any driving force for formation of a non-classical cation.’ It has been further main- 


tained that the e <traordinary facile interconversions ofcyclopropylearbinyl, cyclobutyl, 
and allylcarbinyl derivatives observed in amine-nitrous acid and many other carbonium 
ion type reactions'* need not be typical of solvolysis or other reactions occurring 
under very mild conditions. The results obtained in the solvolysis of chloride | by 
Mazur' have been attributed to in purities” on the grounds that material of 94 per cent 
purity, prepared by Brown and Borkowski® gave a first-order rate of hydrogen 
chloride production 

[he above criticisms of Mazur’s work are important since they clearly strike at the 
very heart of the argument‘ for intervention of non-classical ions such as II in 
carbonium lon-type interconversion reactions of cyclopropylcarbinyl, cyclobutyl, 
and allylcarbinyl derivatives. Although, as indicated, the factual basis for the criticisms 
leaves much to be desired. the importance of the points in question has prompted us 
to repeat and extend much of the earlier work. The investigation has been greatly 
facilitated by the use of vapor-phase chromatography (v-p-c) which technique was 
not available at the tin f the previou vestigation. Fortunately. samples of I 


prepared by Mazur in were still ay for analysis. 


EXPERIMENTAL RESULTS 


Vapor-phase chromatography is well suited for the analysis of cyclopropyl- 


carbinyl cyclobutyl. and allvicarbin rides. Fig. 1A shows a chromatogram* 


lcarbinol with 


for a typical chloride mixture resulting the reaction of cyclopropy 
thionyl chloride he composition of the mixtu nt cyclopropylcarbinyl 
chloride, 27 per cent cyclobutyl chloride an nt allyle: nyl chloride) agrees 
well with Mazur’s infrared an: is Of a mixture prepared in t ame way (67 per cent 
cyvclopropylcarbi hlorid per cent cy tyl chloride, and 3 per cent allyl- 
measurements! 

ition ol 

; to be 

no question the internal-return mechani must be | accoul for the 


isomerizatior the chloride during the solvolysis reactior ause the chloride does 


in acetic acid leave no room for doubt that, in acetic acid, solvolysis and rearrangement 
are very intimately related he re ts in all respects are cor ent with the formation 
of II (or its intimate ion-pair with chloride i » have seen no n -d to repeat this 
work nor the me: ment th etl if the solvolysis of I in ent aqueous 
ethanol since the essential px ion ast ‘ther i nal-return isomerization 


actually occurred has been answered in the affirmative by the finding that the starting 


chloride was even purer than advertised anc ation of the validity of the 


* All vapor-p chromatographic analyses reportes f ere obtained with Perkin-Elmer Vapor 
Fractom u 
* H.C. Brown, / "laut re yumbia Univer h 6 ( and nar at Harvard University, 


October 10 (1958) 


: 
now rearrange at the SOIrvolysis ter perature in the abdsence OF an 1onizing solvent or 
ionizing agent such as zinc chloride 
he internal consistency and clarity of the data reported by Mazur! for chloride I 
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a The v-p-c tracings for typical solvolysis 1 res of | in 80 per cent ethanol are shown 
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the spectrum 


prec deuterium label 


1. H t d from the ratio of peak areas of the carbinyl 


had occurred 


and tertiary cyclopropylcarbu rotons that some 24 per cent of isotopically 


| lonropvicarbir chio to cycioduly! ana anyicaroin 
reac 0 er exe 
there 
vith or without 
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vel try La 
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} ry 
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evidence 


reactions which 


posivion 

th thionyl 
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r to observe the extent of 


ires by means of NMR. The 


1 
labeled a ments were prepared as follows Cyclo- 


propylcarbinol- e reduction of cyclopropanecarboxylic acid 
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indisti 
4-prot 
Th 


detern 


1 Was 


the sar 
corresp 
butanol), cyclopr irbinol nol-2. e shown respectively 
in Figs. 4A, 4B a1 | not possib 
leutet abel within the cyclobutyl ring with 


determine the distribu ie deut 


ic LO 


certainty However, by focusing attention on the sharp doublet of the carbinyl protons 


Ay 
| 
wat 
lenteride btain deuterium-labele yclobutanol, 
cvclobutanone-2 + H, was DI! out YO pe IsO pice purity Dy “Ase 
} on d ‘ le and th product vas 
subsec ‘ wit a nyarid NMR 
uDSC 
\ 
<a spectrum of inlabeled cyclobutanone in Fig. 6A. Ihe spectrum of the labeled ketone 
Was TUN al nie aini rac any al} | 
a The preset of sienif t amo of purities is apparent, but it Is aiso evident 
that there remains only 4—) per Of yne with proto In the < OF Positions, 
The pectra of nd cyciovdutal are sho in Fi SA an B, 
i respectively | : p s of the labeled alcohol appear as a ra her 
t quarte¢ cc e two protons ar on-equ en ic 4 per 2- OF 
ppears on tl low field side of this quartet 
composition of the chloride mixtures from the thionyl chloride 
teks EEEhined by v-p-c. The results are shown in Table | and, clearly, they confirm that 


Small-ring compounds—XXI1X 179 


TABLE |. PERCENT COMPOSITION OF CHLORIDE MIXTURES FROM REACTION OF THIONYL CHLORIDE WITH 
CYCLOPROPYLCARBINOI ND CYCLOBUTANOI 


Cyclopropylcarbinyl Cyclobutyl A llyicarbinyl 


in order 

for th must have 
occurred during the formation ) propylcarbinyl chloride from both deuterium- 
labeled alcohols. Moreover, tl a of tl 101 -t relative to the area of the tertiary 
late of the percent 

66 5 per cent 
has a 

hloride from cyclo- 
s closely approach 
il distribution of 


\, 


beled alcohols. 


itanol achieve 
near equivalence I result inctiol n the identity ol 
composition, argu for at of the same cationic intermediates from 
ler aiconol \ | l ents, the ratio OT Cycio- 


propylcarbinyl chloride to the cyclobutyl cl le pi it was estimated from the 


ratio of peak areas of the tertiary proton of eacl orid » results gave a ratio 


of cyclopropylcarbinyl to cyclobuty! of é 0-19 for the chlorides 


from labeled cyclopropylcarbinol and cyclobut: ] | | 3B and3C), 


while analysis by v-p-c gave the ratio as 2-3 (cf ible 1) > agreement is satisfactory. 

these same alcohols with thionyl chloride in the presence of tri-n-butyl- 
amine in a non-ionizing solvent (ether or pentane) somewhat different results were 
obtained as already discussed in the case of cyclopropylcarbinol.. Under these 
conditions, cyclobutanol reacted with extensive rearrangement to give 45 per cent 


cyclopropylcarbiny!l, 50 per cent cyclobutyl, and 5 per cent allylcarbinyl chlorides. 
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The NMR spectrum of the mixture ts shown in Fig. 4D. If one assumes that the 
product distribution arising from carbonium ion intermediates is the same as that 
obtained in the absence of added base and solvent (cf. Table 1), then it may be estimated 
that 66 per cent of reaction takes an ionic path with rearrangement and 34 per cent 


proceeds without rearrangement probably by an 5 2 displacement.” The NMR 


spectrum of the le mixture m obutanol-2,4-"H, (Fig. 4E) is especially 


interest { vs that only | ly nt « CH,— group turns up in 
the «-position 0 lopropylcarbinyl chlorid ain, the area measurements were 
judged to ignifican tl at cyclopropyle: n\ iloride to cyclobutyl 
chloride was cd min i 10 by NMR and 


one 


tTripution 
e Dut not 


randon -rearrangeme! id take was Si ( i that tl results could 


aqueous 
rearral 
studied with the aid an t was i that the position 


of the deuterium label in th tin lcobutanol could be erved from its NMR 


® This rearrangement was firs bserved by r. David L. Schuster in thes 


ae 
the extent of isotopic rearrangement Is adDoul amr hall thal expected for compicte 
equilibration of the threc ethylene groups This rest sh \ nificant 1 hat 
it rules out the possib y of a symmetrical ion such as III as the sole intermediate in 
these interconversion reactions. The methylene groups are compietely equivalent in 
wl in tablv we d lead to products with a randon disti bution under 
hed from the resul a 
inv set of reaction cor ditions \ similar co usion was reached {ror the results of — 
, 
nirous-a ( gcan i 0 cy | \ 
I 
hest h hy | TT ] ti symm cycl MNutoniumM ms ila 
results Ca ‘ \ ‘ Cula aa pic 
in the pr ence of ration ol 
the alcoh is il cd re rapidly and results 
in a mor rando ) tio 
Cyclopropyvicarbino!l has been found to undergo a taciie rearrangement in diiute 
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spectrum. Unfortunately, the spectrum of the product turned out to be too complex 
to interpret (Fig. SC). To overcome this, the labeled cyclobutanol was oxidized to 


cyclobutanone with chromic oxide in pyridine, and the distribution of deuterium was 


observed from the NMR spectrum of the cyclobutanone which is relatively simple. 
The spectra obtained for both labeled and unlabeled cyclobutanones are shown in 
Figs. 6A and 6B, respectively. The presence of 2-labeled cyclobutanone in the 
rearrangement product is clearly evident from Fig. 6B since the five-line spectrum of 
the 3-methylene protons in the unlabeled ketone is reduced to a broad triplet in the 
labeled material. Equally clear is the presence of 3-labeled cyclobutanone since the 
triplet due to the 2-methylene protons has a central peak of far greater intensity than 
in the unlabeled ketone. Thus, the deuterium label is found in all three methylene 
groups of the ring. The relative amounts of 2- and 3-labeled cyclobutanones may be 
roughly calculated from relative peak areas 1e area of the 2- and 4-protons relative 
to the 3-protons was measured as 2°! ‘1, which gives the composition of the 
mixture as 67 per cent cyclobutanone-2-"H, and 33 per cent cyclobutanone-3-*H,. 
Consequently, it is inferred that cyclobutanol derived from cyclopropylcarbinol-«-"H, 
has the deuterium-labeled methylene group statistically distributed betwee 
2,3- and 4-ring positions 
EXPERIMENTAI 
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C yclopropyicarbinol-x-*H (b.p. 121—122-5 , 746 mm) was prepared in 75 vield bv the reduction 
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7 < ‘ | 4 
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Thionyl chloride I iS added drop eto ix cyclopropyl- 
Pate rood carbinol at O° with stirring. Evolution of sulfur dioxide immediately took place The mixture was 
yd "G.I. Poos, G. E. Ayth, R. E. Beyler and L. H. Sarett, J. An Che Sec. 78, 422 (1953 
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HEPTAFULVENE (METHYLENECYCLOHEPTATRIENE)' 
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six”™ to the modern quantum mechanical description when E. Hiickel® 


the “rule ol 
in 1931 developed the molecular orbital method of calculating the energies of z- 


electrons in planar systems ol double bonds. The aromatic character of benzene was 


and a theoretically calculable 
12 


reflected in an “experimental” stabilization energy 


delocalization energy The remarkable properties ol Thiele’s™ cyclo- 


m7-clectron 


found satisfactory theoretical explanation The existence of a 


pentadienide anion 


positively charged. seven-membered cycle as a relatively stable carbonium 10n was 


predicted an i several years later by the discovery of the water-soluble, 


stable tropyiium ion.” of one, three aromatic systems emerged the 


pentagonal system with the anionic cyclopentadienide 1on as its parent, the neutral 
benzene r hexagona ten the heptagonal system headed by the cationic 
cvcloheptatrienylium fere to member! the pentagonal family are to be 
1 reasonably detailed view of 


Pauson™ and Doering and 
he molecular orbital theory 
n systems of conjugated double 

of five- and seven- 
fulvene and heptatulvene 
azuicne and 


systems 


in its many derivatives!’ 
*) and the az » long a center ol 


$24 


be 
a 
oe the heptagonal family can be obtained from article 
> Kraucl 
H el’ nioneering WO 
was elaborated and applied to many novel, unkno 
honds Ay ne thes¢ simple mono- and dic 
membered rings fe te naturally into a group oO 
(1) esquitu ene and heptatuivaiene 
heptalet At the start of this work, eight years ago, only two of the eight & eo 
‘ 
ene esquifulvolene Heptofulvaiene 
ere Azulene Heptalene 
(although only recently free of substituents 
S ‘ er oreanischen Chemie (Sth Ed.), Vol. |, pp. 
33. 666 (1900): J inn. 319, 226 (1901 
L. H. K |. A Ch Soc. 76, 3203 (1954 
‘D. Lio um, 1 ron 3, 334 (1998 
P. L. F 35, 9 
y 1) H.K Chem. 68, 661 (1956) a 
1H D Cj R «3 1952) Beremann. Proers n Oreanic Chemistry Vo iil Pp 81. 
Lek “J Thiec and J. Wiemann, Bull. Soc. Chim. Fr. 177 (1956) ; 
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intense activity and interest.” In this and two papers to follow, the first syntheses of 
three more of the eight, heptafulvene (1), heptafulvalene and fulvalene, are described. 
Heptafulvene (I) was first treated theoretically by Berthier and Pullman in 19497 


by the molecular orbital (LCAO) and the valence bond methods. 7z-Electron 
delocalization energies of 1-994 8 (Brenzen 18 kcal/mole; S = 1) and 0-779; 
(ecnnens 34 kcal/mole: §S 0-25) were calculated by the former method and 


0°57 a (anenzen 33 kcal/mole) by the latter. More refined calculations™* based on 
Wheland and Mann*, predicted a 7z-electron delocalization energy of 0-46 y. The 
simple MO (LCAO) method predicts a dipole moment of 4-6 D® with the ring positive, 
while the refined method predicts 0-85 D in the same direction." Calculations by the 
self-consistent field method of Roothaan leads to a small dipole moment (0-14 D) in 
the opposite direction,” while use of the Pariser-Parr method gives a value of 0-6 D, 
again in the direction of the ring positive. Calculations of the predicted light 
absorption have also been made.*"-*4 

The only published report on the attempted synthesis of heptafulvene is by 
Grundmann et a/.~’ and describes failures to effect the synthesis by the elimination 
of water from «-, /- and y-cycloheptatrienyl-carbinols and dimethylcarbinols. Our 
initial approach, equally abortive, involved the corresponding carbinols in the so- 
called “norcaradiene” series (Chart 1: Band E). All the contributors to the Buchner 
acid problem had, up to that time, agreed in assigning the “norcaradiene” structure 


to the parent acid and the 7-cycloh« ptatrienyl arrangement to other acids—Buchner 
to the y," De Jong to the y*’ and Grundmann and Ottmann to the «* Firmly 
convinced that the “‘norcaradiene” and **7 cycloheptatriene” carboxylic acid arrange- 
ments could not represent more than a single substance tween th . we worked 
exclusively with the “‘norcaradiene”’ , content attribute failures to factors 
other than incorre ce of starting material. Later, it was shown**-”" that the «- 
and »-acids we » 2- and 1-cyclol atrienyl carboxylic acids, that the d-acid did 


not exist” ; iat the so-called Buchner or “‘norcaradiene arboxylic acid was 


most probably the lol tatrienyl carboxylic acid.”” 
Ihe reacti hyl ari carboxylate 1, A) with methyl- 
the crystalline dimethyl-7-cycloheptatrienylcarbinol 
(Chart |, B) w h rearranged exothermically to §,f-dimethylstyrene (Chart 1. C) on 


acid-catalyzed 


rectness ol 
ed at least one 
Soc. 2021 (1956) 


Meeting of the 


yns independently 


ot 
dichydration.” 
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convenient to eficc rification at this point, although a tedious fractional crystal- 


lization is required to separate the desired trimethyl 7- ycloheptatrienylmethyl 


ammonium iodide from a dihydro derivative. The formation of the dihydro derivative 


can be diminished substantially by carrying out the reduction at 0°. The ultraviolet 


ac 
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ontrast betw ren bah tv of this dehydration-rearrang 
tat tral d lration of the isomeric dimethylbenzyl- 
cal ( ‘ | 1)) int Lic Ti ew > WHeT? the 
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libe 
by 1 ( rat equence (generally 
Hop t milder, but st t permit retention fees 
ol tne ¢ 
lot ({ t >). 7 iteria cyclo- 
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7 red t! imide wit ithium 
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spectrum of trimethyl 7-cycloheptatrienyl ammonium iodide (Chart 2, C) has (after 
compensation for absorption by iodide ion) a maximum at 255 my (log e 3-53). On 


the basis of essential identity of this spectrum with that of the preceding 7-cyclo- 


heptatrienylmethylamine (Ama, 253; log e 3-51) and the starting 7-cycloheptatrienyl- 


carboxamide (A.),,258; log ¢ 3-47), it is concluded that no change in ring structure 


has occurred during the reduction and exhaustive methylation. 


The Hofmann eliminatio f methylamine from C (Chart 


2) must be effected 
xtreme instability of heptafulvene (1). An aqueous 


lammonium | repared in usual man I with 


ereupon 
I 


and Visil 
discernible, « 
and the other with it 
spectrum Is surely indi e of a hig! unsaturated, conyt 

Ihe extinction coefficients could | termined with on 
of uncertainties in the determination < yncentrati assuming a quantitative 
yield in the best of several preparations, a minimum value fot the extinction coefficient 
at 426 mu (in tetrahydrofuran as solvent) of 300 was found. By hydrogenating a 
hexane solution, concentrating, chromatographing in pentane, concentrating, 
adding carbon tetrachloride and concentrating again, it was possible to determine the 
final amount of methylcycloheptane (35-5 per cent of theory). Based on the assumption 


% Cycloéctatetraene is far from planar and yet possesses an extensive absorption spectrum (Am. Pet. Inst. 


Res. Proj. 44, Ultraviolet Spectrul Data, Serial No. 180) Although this example serves as a genera 


caution to concluding that absorbing conjugated systems are essentially planar, it does not weigh very 


heavily in the present case because of the much greater intensity and range of absorption of heptafulvene. 
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3 A striking feature of heptafulvene is its absorption spectrum in the ultraviolet ; 
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of quantitative reduction, an extinction coefficient of 490 is calculated. This is a 


maximum value because some methylcycloheptane must have been lost by codistil- 
lation during the isolation procedure. An intermediate and probably most reliable 
value of 370 is obtained on the basis of the quantitative determination of hydrogen 


absorption (in Diethvl Carbitol as solvent) obtained during measurements of the heat 


1650 bond 
and carbon of aliphatic unsymmetrically 
disubstituted olefi The shift to lower energ! and stronger intensities 1s to be 
expected of the absorptions of the methylene group in heptafulvene In this molecule, 
"R. B. Turt Doering, I nox, J. R. Maver and D. W. Wiley, J. Amer 
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the anticipated dipole moment could lead to an intensification of the stretching mode 
and a weakening of the methylene-carbon bond. 

A reaction simulant of a Diels-Alder occurs between heptafulvene and dimethyl 
acetylene dicarboxylate. Although less reactive dienophiles have no effect on 
heptafulvene, this one reacts in a period of days to give a colorless adduct (Chart 3, B). 
Air-oxidation affords the deep blue dimethyl azulene-1,2-dicarboxylic acid (Chart 3, 
C). Although this is not a known derivative, the spectrum is quite similar to that 


tes further 


luminum 

ve was 
This 
transformed 


by Hofmann eliminatk to an ok with a maximum ¢ 4 mu and absorption in 
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Fic. 1. three maxima centered at 426°5 my 


as the expected positions From the 
(23,450 cm 2-9] eV). 280 mua (37,870 cm 
hed. Whether theory and experime 
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bh have not been established. The fine structure shows 


4-43 eV) and 212 mu (47,100cm"'; 
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absorption state. Distortion in the excited state presumably 
involves the ylene group 
Discuss ry are complicated by questions ol 
angular strat interactions, choice of model, 
theoretical calculations 


variauions 
ant thermodynamic 
4 kcal/mole The 


ting nature ol 


ther 


LNCMScives 


dgatun | 
heptafulvene its« int e comparable to data relatin tabl able substances 
Trey eptafulvene 13-6 


It is pointed is about 
we would like 


CAOCYE lic 

system in hepta- 
ivene 

asonably 


he 
rie 


alc ulated 
The 
fourth 


UCSSES 


ition outside ol 

n bond 
have 
and 
yclo- 
A nother explanation 


rethylene- 


gles to each othe 


her tention nlw ta the annarent heat f hvdrogenatio 
Goudie ‘ rie pietes the Sup} SCUTY it CU 
9?-6 kcal e) anc Ytatriene unk hut 
taken to be equal to ptatriene 1ts¢ 4 kcal/mole*). Il 
heats of hyd: ene cycloheptan ethviene cyclohexane,*”* 
and zt Kca respect Ihe difference il formation of unstrained, 
according Franklu roup ilent met 26°3 keal/n 
stadizatl energy arising I! ol the con rated system Dy 
double bond is at best 4-6 ke ole. I value may be increased a little by gusauss 
of extra strain in a double b exocyclic to a pla cvcloheptatriene ring.* 
weve ‘ il ( cre Ol und on 
completing the benzene ru » introducing the third double bond into 1,3-cyclo- ; 
hexadiene 
The small discrepancy ol 1-6 kcal/mole could find an exp F 
Col era ctr ca tion if the changes in 
strenetl \ hybridizatio recently proy ed by Dewar an 
suitable quantitative signi! e. The difference between the si! = 
(sp--sp~), ept ind the corresponding oO! 
heptatriene (sp~—sp”) amounts (10-5-6-0) or 9-0 kcal/mok 
appears if the cyclohept e discrepancy (7 kceal/1 e) is magnified in n= be 
cycloheptatriene through a shortening of the C,-C, distance. ie 
“ R BI Ww. R.M R. E. Wink imer. S 79. 411 195 
; BT R.H.G Amer. Chem. Soc. 80, 1424 (1958); R. B. Turner, D. E. Nettleton 
M. 1 ( BO. 14 58 
i 
tr ire fuls t ) The ge trv of the strain-free structure 1s 
M4. J. S. Dewar and H. N. Schon letrahed 5, 166 (1959 


Heptafulvene (methy lenecycloheptatriene) 193 


Irrespective of valid arguments about the reality of resonance energy and 
z-electron delocalization energy, there 1s no striking discrepancy in the heat content 


of the exocyclic double bond in heptafulvene and ordinary unconjugated double bonds. 


chemical reactions of heptafuly ene and isobutylene, little attention need 


In comparing 
To a first 


be directed to differences in the heat content of the starting olefins. 
it will suffice to consider effects of the different environments on the 


approximation, 
Such an argument has already been 


heat content of the hypothetical transition states. 


made in rationalizing the remarkable sensitivity of heptafulvene to acid. 


By no traditional definition, can heptafulvene be said to be aromatic. Some of its 
properties, sensitivity to acids. resistance to bases, absorption of light and possibly 
f hydrogenation, find qualitative explanation in theoretical 


the slightly low heat o 
It serves as a striking 


terms. But the remarkable tendency to polymerize does not. 


example ol the danger in equating theoretically calculated z-electron delocalization 


energy with chemical stability. 


EXPERIMENTAL 


(ethyl “*norcaradien carboxylate) 


rradiated with pairs ol General 
lution of nitrogen 
ns are worked by 
llate (ca. 7500 ml) 


yl cycloheptatriene- 


blished by Ganellin and 
s from pentane at 
9-8: H, 9:3; O, 


s crushed in 
ite, intense 
porative 


-dimethyl- 


n the usual 
aqucous 


The two 


iazoacetate in 
benze! ter The y ield 
of distil ful fractionation 
of the 1 additional 6% 


could be recovered 
An etherea (200 mi) s s added dropwise u der nitrogen over a 

7 New York. 

indation, Katonah, 

ears to convenient and reliable 


Ziegler, Naturwissenschajten 38, 356 (1951); 


be cons 


n May, 1949, and ha proved it n the isuIne 
n by G. O. Schenk and H afi 
rochem 55, §05 (1951); gew. Cnem 64, 12 (1952). 


ir to that 


», $84, 221 (1953 O. Schenk, 7. Ele 


- 
4 
Ethyl cycloheptatriene-1-carboxylate 
of ethyl diazoacetate in 5000 mi dry benzene a! 
So ons of g eth 
Aacke oled by str ms ol rul ng 
| or RS sonia ne it Pyt x SK co i 
ries ifter 3—4 days ‘ 
the residue and extras 
Distillatior vives 88 g (31 por eu 
7-carboxylate, b.p. 85-86°/6 mm 
t ntuy p 
fon n our prenparalio! ind that recent 
1 hey na ot that tw recrystal 
27 rded material of m.p 
11-1. Calc. for C,.H,O: C, 800; H ’ 
Dimethy ryrene (Chart 1, ©) 
Wher Si me yf carbimn n p WwW 
Frat 10 | re 
: a tes Alls d rece red by 
f ow : in that ia a nentic mpie ol p, 
j A sample ol Cardin Vas prepare 
way from ethyl! phe sed ta 100°. and the slowly. 
sulfuric acia al ; 
thvistvre! had ide! irarea 5} 
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: 
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of 7-4 ¢ lithium aluminum hydride in 200 ml ether 


wh 


2 hr period to a stirred mixture ¢ 


xdded icaving a past nd a cles lt 


water was 


hich te irate the wel wit he m ether solution 


ether wh 
a24cmV 


water, cr 
14-4 (78 
8-4 

Heat 
by extr 


with 


1-5296 (Found 


iene Was added aropwisc 


refluxed for | 


requ res 

In the 
pared, m.} if ecrysta ) m ab t } ) ind from pheny 
N-(7-c) 
H, 6°5; 5S, 


Trimethyl lammonium iodide (Chart 2, C) 


A mixtt ‘ pta methviamine (14°6 g) 


id absolute 


methyl iodide (102 ¢ 


all Dtsch. Chem. Ges. 29, 106 (1896) 


Buchner, Ber 


ishir 


infrared spectrum 


ethanol (Four 


po vdered potassium carbonate 


After 12 hr, 30 ml 
as decanted. Three 60-ml portions 
W: 


rreux column gave 


g with 


78-4; H, 


ion the steam bath, followed 


identical 


oO a stirred 

cooled 
ire was 
d into 


d and 


ed on 


*therea! 


(40 g), 


anol (200 ml) was shaken occasionally over a 36 hr period. 


) 7-cycloheptatrienylcarbinol: b.p. mm; Mp 
O requires H. &3 ) 
3 a small sample of this carbinol with 3 N aqueous sulfuric aci a 
a on with pentane and distillatic afforded styrene hi g an a 
ae suspens {3-1 e soda ic t ene (75 t 80 After being EEE «5 hr anc eae 
Ue to 50°. t mixtur ; treated \ 25 carb lfide and refluxed over-night. The 
ia tr is hy efluxed for 4 hr. The mixture was 
coole 
00 tet alr 200 eine! ny ished ether extract was 
a i f tog 11-2 70 ry re methy te, b.p. 81-86°/6 mm (Found: 
( ¢ 4) ( H.OS. rec re ( S. 30 ), which dey ed y OV 
cry 
H.44: § P by 6U meta Fed to the 
ha ry Some ¢ vi trithiocarDonate was re- 
] rboxylat 160 conc ammo m hydroxide 
2 
lute 
in va | ite 
; light Ss st t { Further recrystallization 
f eviously described res a longer time (5-8 
tay 127-1 raises in 140-141 
aavs) | 
- und ti f rvst ons, att i by sucl es that our hands the yield ranged 
ak from 8-25 f theory 
ate 7-Cyclol fa yinet ine 
Cy irk cal e (30-0 ©) Wa 0 | if periou © 
(600 1 u prey After 35 hr with stirring 
st O°. water (75 ether layer ch w ecanted and an aqueous paste 
70 which was thrice triturated 100 ml port sofether. Thec d ether sol s were washed 
ol vit r (200 ) ce wilt sat ed aque 5 im chioride (150 ml), dried over 
ce with ira } 
ynhvdro fat trated to a residue. dis ition of which gave 18-8 (70-4 
of theory) of t b.p. mm 1-5405; ults absorption spectrum tn 95 
ethanol: / 224 mu (log 2-92), (log 3-51) (Found: C, 79-5; H,9:3; N,11 C.Hy,N 
lure a was pre- 
thiocyanate, 

ae 
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The solid residue, recovered by distillation, first on the steam bath, then in vacuo, was extracted in a 
Soxhlet apparatus with 300 mi chloroform for 14 hr. On being cooled, 26-9 g colorless needles, m.p. 


188-190° (dec), crystallized. The concentrated mother liquor yielded an additional 5-62. Two 
recrystallizations of the combined material from absolute methanol gave 27-2 g (86° of theory) of 
quaternary ammonium salt as heavy needles; m.p. 194-195° (dec); ultraviolet spectrum compen- 


sated by an equimolar solution of potassium iodide both in 95% ethanol: Ama 255 (log e 3-53) 
(Found: C, 45-5; H, 6-2; I, 43-8; N, 4-7. C,,HisIN requires: C, 45-4; H, 6-2; I, 43-6; N, 4-8%). 

Hofmann elimination. The apparatus centered about a 25 ml pear-shaped flask fitted through a 
ground 14/20 joint to a simple distillation head having an inlet c ipillary serving as a nitrogen inlet 
tube and an efficient vacuum boiling aid. The side arm passed into the inlet tube of the first of two 


simpli ps, A and B, connected In series (side-arm test-tubes with concentric inlet tubes extending to 

with f th hottom The fir ] vas tor 1] neo ft nt 

witl o! the n) ihe tinal outlet was a two-way stopcock allowing introduction ol 
I 


When a larger quantity of methyle ecycloh ptatriene was concent: ited in vacuo, in addition to 
polymer, in oil pe ssibly dimeric, b.p.80°/0-5 mm, could be distilled x 255, 263 mu (loge 3-68). The 
infrared spectrum taken in carbon tetrachloride and carbon disulfide contained the foll wing absorp- 
tion bands (in 4): 3°31 strong; 3-39 s, 3-46 medium, 3-51 m, 5:75 weak, 5-85 w, 6°15 m, 6:20 shoulder. 


6°94 s, 7:25 m, 7:44 m, 7°53 w, 7°78 w, 8-10 w, 8-57 m, 9-20 w, 9-70 w, 9-90 w, 11-26 s, 11-78 s, 12:10 m, 
12-42 w, 12°83 m, 13-05 s, 13-30 s, 13-38 s, 14-16 very s, 14-46 s, 14-64 s. The material darkened upon 
standing under nitrogen, and gave positive tests for unsaturation with potassium permanganate, 


bromine, and reacted \ gorously with 9 N sulfuric acid 


Shaken with dilute aqueous acid (0-0001 N hydrochloric acid), solutions of I polymerized very 
fast. Consistently, solutions from which trimethylamine had been removed by washing with distilled 


water were far less stable than unwashed, protected solutions. For example, a washed hexane solution 


4 
: 
. 
ye 
‘ nitt e € Ts ‘ 
Ir i typical run, 0-500 ¢ 1-82 m ) of the quate! iry 10dck vas dissol ead 5 ml of distilled 
water (warming was neces y) and poured int 1 ist centrifuge ve Silver oxide, 
freshly prepared by treating 0-300 ¢ (1-73 mmol) of silver nitrat 3 ml of I th excess 2 N 
a Sor 1) hydroxide, centr ¥, separating by de tation and simi iS three times 
led water. The resu y mixture was shake stirre r 5-1 d centrifuged 
precip ted cide The s ) 10-15 mi) vc ra Stillation at 
6mm. t bulk of the water being collectec B. t two by co 70 
When the volume of t yuecou the crea ticeably 
i the more con ( 1. At t, A, th 
hrs is rse na ary enie B before this 
smoothly and cx ted by he h 35-4 Whe re liquid 
mix ‘ ter d pro¢ ct denses 
j 
and P Properti« f Methylenecy heptatrie 
(a) Stat | rhe stab I e red iried markedly with ¢ centration, sol t and 
stray acidit Alla oc ite the product e only polymeric 
I It s tioned 1 pprec tities of I ¢ ed the 
a | ae pre S ropane 
and f H eve st like pentane solutions evaporated at room 
I ‘ 
temp proc lure resulted il mp y eric fil 
Phe polymer softened between 50-95° and became clear from 100-120°. It was partially soluble in 
‘ chloroform and be soluble in methanol and p fins, and turned yel ling I 
The polymer dissolves )N sulfuric acid wit n intense red color tur ‘ blue on diluting with 
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of I (0-3°,) had decomposed (lost its color) appreciably in 30-40 min 


solutions and those of much lower concentration (0-03-0-003 °,.) were considerably more stable 


ethanol or tetrahydrofuran solution (ca. 0-1 °,) still containing U methylamir 


posed after 2—4 days. I appeared 


could be extracted with absol 
(b) Hydrogenation to 


cyvcloheptane A sam] 


ite ether) 


in a mixture of 10 n nol (hot nt 


vater, sep 


ralio 


7 mmol 
af 


absorbed 

should be il r,t ol ] tT lower than 
that taker h Ca ited for herein 
(c) Ads 


The 


pcr 


ared spectrum was very difficult to obtain because « solutions more 


4 G. Egloff, Physical Constants of Hydrocarbons Vol . 178. Reinhold (1940) 


at 60°, whereas unwashed 


v was only half-decom- 
to be slightly soluble and stable in liquid ammonia (from which it 


ple of I from 0-500 g quaternary ammonium salt 


ensely I Ni idrogenated 


An a 
= 
\ r 
J at 35 Ib in a Parr ippal is OVCT Pia um oxide cataly V ip Sy pouring ink = 
‘ ating. drving and distil the p e through a 25 cm Vigreux column at a 10 to | refiuummmm, the uk 
jin an y h tut to vive no (23 > 
; reaction yielded a small residue which was distilled in an Emich tube to give 43 mg (- ) of methyl! - 
cyclohept b.p. 13 1-439. 
\ sample was prepared from cycioneptanone and methyl magnesium iodide by de 
hvdrat iu res |-met! cve cp tolucnes acid nad hydrogenauo ol 4 
the res olefins D.p 61 a uUi¥s $390 I frared spectra of the two sampies ; v 
taken neat 1 Ol mm ¢ were superimposable ft 2-15 ut for two very weak shoulders 7 
‘ he nh 
(amo about 2 smissi present tne ith mpic The physical 
oO , iy dete EXtinc coefficient of the 
if 
> iy if 
40 mi portions water, « e and made up to 2 ee 
200 mn yum rf 
ac " 3 
‘ ‘ 4 cle VC tn that of a 
pres tof ycloheptatriene produced 
I experimental deter of the heat of hydrogenatior 
at Rice University, Hous depen eq e measure of hydrs 
4) | wait 
iy n } 
(10n t tube (lk the pear-shaped « lask) ‘ lcm of ec botton By ‘ 
this means Vas POSS the pors | nass directly cs densing 
to { te ran of ep ct. Follow xper ent. complete evapor on of the 
so t t res bsenc f polymerizatior This change in procedure also 
j improved el ete < ‘ optical de \ y a tact 
In « ever CXP< ent 275 n fs prep i 2-000 mmol of the quaternary ine 
n of 0-174 (0-173 at t: 0-175 at O-15 mm slit) at 
429 n 1 Lom cell after by a factor of 12:5. On catalytic hydrogenatio aa 
hy f the tl xtinction ¢ 
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concentrated than 1°,. A carbon tetrachloride solution of I was washed, dried, concentrated in a 
stream of nitrogen to about 1°, and transferred at once to a 1 mm cell. A series of spectra were 
compared with that of the colorless solution remaining after 2hr. A solution in paraffin oil was 
prepared by adding 0-5 ml toa pentane solution of I and concentrating. Combining the results of the 
two experiments gives a tentative, almost certainly incomplete spectrum: 3-25 w~weak, 3-32 medium, 
5-16 w, 5-45 w, 6°31 strong, 6°48 m, 7-66 w. 8-60 m. 10-70 w, 10°86 w, 11-75 s, 12°05 m, 13 50 very 5 
(d) Ozonolysis. A solution of 1-40 mmol ozone in methylene chloride at 70° was added to 1-38 


mmol of I in 200 ml methylene chloride. As the last bit of ozone was added. the solution turned from 


red to yellow Zinc powder and water were added The methylene chloride was distilled at 40 
directly into an aqueous solution of dimethyldihydroresorcinol (dimedon) buffered at pH 4. After 
48 hr of occasional shaking, concentration gave a small amount of dark mater hich was recrystal- 
lized twice from methanol—water yielding 22 y (¢ ) of the dimedon derivative of formaldehyde, 
m.p. 186-187 m.p. 185-186°5° in admixture with an authentic sample. Ni tropone could be 
solated 

(ec) Dimethy é 1,2 rh ate (Chart 3, C). After 3 days at 4°, a solution of 3-43 mmol 
of I and 20 n 100 mil tur Vas conce r ea on 
th eam bath. B reached 80° and 
t yume After 200 1 ip C rcoal (10°.), a slow strean 

f air was passed O} 

Th bv rtalumi col elut rsol t 
rhe conc 13 n with 200 ml of 
) is he \ \ bed 

M sp phec 1 third 
Th sp f I a: H, 5-4: O, 240 
H O, requir ( 68 H 0: ©. % ) 
3- Methylene 1.4 
ca d I iter 
Imo 15 72 ppearance of 
De separater i n 
iod 1.p. 190-19 ) 

m im ) O04 mu (kk 3-42) 
(Found: C, 45-0: H ): I, 4 C,, He IN 45-1: H 

S Hof cedure abo 70—8¢ quaternary 
im! (0-300 cl 6U mm ind SU 

cak 6 J4n f Us 4 7 8-29 8.450 pp 
10-03 11-2 77 30 m. 12-70 13-15 pr. 13-68 13-92 m 
15-05 m 
2-¢ meplatrieny rviic 

Am ot 35° \ CVC cp yicardo d 250 2N m hydroxide 
‘ efluxe or | I clk n 
The com ed ether CT 

bath to dryne Phe ; 2 of cetic acid 
ind 2-cyclohe card c acid. I of the 1 ture fror 
12:3 pure ac | } trom the mot i ors 4-2 ned, Making 
the overall y 15] of theory 
2-( vcloheptatrier vicarDoxamide 


12 


4 mixture of 6 g of the above acid and 24 g thionyl chloride was cautiously warmed on a steam 


bath with swirling, and refluxed for 1 hr. The excess thionyl! chloride was removed in vacuo, and the 


: 
wes 
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stirred an anhydrous 


: 
198 = 
tue d in $00 ml absolute ether. The solution was then 
un at ilter entrance r the am i was lowered into the mixture, 
I amin m chiorice was 
, 
2 
if f f 4 
' 
‘ 
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THE CONTRACTION OF RING A IN 
Se-CHOLESTANE DERIVATIVES 


HAI 


Abstract 


pressure in ther cther thar 


carbon led to rearrangement to a dif nt o unsaturated er, whose formulation 


as shown in IX is supported by th : athochromic shift in its ultra-violet 


'A Windaus. Ber. Direckh. Chem. Ges 
*D. E. Evans, A. C. de Paulet, C. W. Shoppx 
*B. B. Smith and H. R. Nace, J. Amer. Chem 
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i 4 Attempted catalytic hydrogenation of 1 unsaturated ester (Vb) at atmospheric 
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spectrum. The saturated ester (VIIIb) was eventually obtained by des ilphurization 


 - ihe stereochemistry of these products is of interest, particularly in view of ne 
7” 
Mearan nar | ly’ | 
7. appearance Of a papel by Shi pp and Sly which deals Wi the 
configuration of the two A-nor-5z-cho in-2-ols w il by red yn 
— of A-nor-5 holestan-2-one, either catalytically or wit [ 
Meerwein- Ponndorf method One of epimers, of m.p 
{acetal } ) Pave al nide unitk ) I m.p 
aesignatcd epin ri 1) ppee al STV NN 
Cl Ose in ill ar |[M 
molecular vn bv A } tane (101°) 
(if OA ' 110 if Kw 
i iD \ 4 | 
D, [M 
fivuratio two A-nor-§ | 
[M comp sO et 6x-d toxy-5/- 
etianates vil yi 3 \ at M OAc 
a P W ‘ 
W.k 
J. A. Moore ( 37, 65 
v. r.S ( ( ( , 23, 840 
‘D. K. Fukus F. Gallagher, J. Amer. ¢ ‘ 3, 19 1); F. Hartley, V. Petrow 
sa ind D. Wedlake, J. Chem. Soc. 4383 (1955 
To 
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[M],, (16x-OAC) is positive (+ 206°) so that vicinal interference of the methoxy- 


carbonyl group appears to be of no moment. Comparison (see Table 1) of the 
acetoxy-ester (IIIb) with the saturated ester (VIITb) gives \{M], (OAc) 29° from 
which it can be deducted by comparison with the two 2-acetoxy-A-nor-5z-cholestanes 
that in IIIb the acetoxy group has the «-conhguration. Since the properties of the 


tvlation.’» no evidence of 


droxv-ester Ila (difficulty of 1onic elimination, ease of ace 


bonding in its intra-! snectrum) indicate a trans-relationship between the 


on pound Illa 
{Vill 


+} 


tat 
‘ 


lead tetra-acetale 


which from its 

xy-keto-aldehyde (XIla).*” 

cl t-2-enc on < ysis gave what appeared to 
(XIIb). Attempted cyclizatio her compounds XIla or XIIb 


f t! il v1\ ny tangible product. Solely by passing a 


by a variety of methods failed t 
active acidic alumina a compound was isolated 


solution ol compound XIIb throug 
the unsaturated ketone XIII, but the amount 


in low yield which may possibly be 
obtained was insufficient for further characterization 


18H. Hirschmann and F. B. Hirschmann, J. Amer. Chem. So 78, 3755 (1956). 
1% J W. Cornfor n Cook, Progr n Oreanic Chemistry Vol. 3, p. 1. Butterworths, London (1955) 


17 W. F. Johns. J. Amer. Chem. Soc. 80, 6456 (1958); G. Stork, H. N. Khastgir and A. J. Solo, Jbid. 80, 
6458 (1958) 

P. Seifert and H. Schinz, Hele. Chem 
(1953) 

1® The corresponding 16 
40, 666 (1957) 


dicta 34, 728 (1951); J. Fajkos and F. Sorm, Chem. Listy 47, 418 


17-seco-compound, A. Lardon, O Schindler and T. Reichstein, Helv. Chim. Acta 


hydrogen | 
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The failure of these reactions may be ascribed to the difficulty of carbanion forma- 
tion at C, in these 2//3-seco compounds, presumably because of steric interference by 
the C,, angular methyl group and by ring C, and this of course would also explain the 
unidirectional cyclization of the diester I.*’ In the case of the 16//17-seco-D-homo- 
16,17-dialdehyde whose internal cyclization forms part of the total steroid synthesis 
by the Woodward group,” interference by the ring B methylene groups led, on the 
other hand, to preferential cyclization towards the formation 


of the 17-substituted 
steroid.=* 


TABLE 


th 


VC 


1olestane (VILIb 


cholestan-1-one (XVIIb) 


method involving a roal 


the dicarboxylic acid (XVa) 
dimethyl ester (XVI). Diex 


I 


> COT 


is W itl 
In principle 


might p ssibly yne. both 
ving the preferred 2 formation 
2-bromo-3-ketone or by oxidation of the A.-enol or its 


EXPERIMENTAI 


Infra-red spectra and rotations were determined in chloroform 
Ila Dimethyl -cholestane-2,3- 


dioate** (6-0 g, m.p. 63-64") in dry benzene 400 ml) 


with dry potassium t-butoxide (from 


lective acyloin condensation of I to 3-hydroxy 3-one, as reported by J. C. Sheehan and 
Erman, J imer. Chen Sou 79, 6050 195 bly due to a differ factor 


“1 R. B. Woodward, F. Sondheimer, D. Taub, K. Heusler and M. McLamore, J. Amer. Chem. Soc. 74 


4223 (1952) 


#2 A similar, though unsuccessful, approach to the contraction of ring A in allopregnanes was tried by 


H. Agahigian, Ph.D. Thesis, Brown Univ. (1957); Dissertation Abstr. 18, 390 (1958) 


23 A. Windaus and C. Uibrig, Ber. Disch. Chem. Ges. 47, 2384 (1914) 


Compound [M] 
‘ A-nor-S«-cholestane (present value) 74 
3) - ny|-A-nor-5x- 
38-methoy rhonvl A-nor-5~x- 
cholestan-2-one (Ila) 168 (38-CO. Me 57 
eas 
‘ drost (l¢ CO.Me) 14 
Sa-cholestan-1 e (XVIla) 17 2x-CO.Me) 
he unknown A-nor-5z-choles was eventually synthesized by a 
: 
Ennion. Sx-Cholest-l-en-3-one (XIV) on ozonolysis gave 
7 Whose lO! ethyl este! (X Wa extended t the 
ann cyclization of the latter gave the $-keto-ester XVIla 
(POSS) ester | bas yn |M],, comparis \ 35-acetoxy- 
l6z- an ndrostanes, lable Whose 
nyc acid gave the desired A-nor-!-ketone : 
follows from the ibove rh that 1 given (rans 9 methyl 3-decalone 
: 
*° The s 
‘ 
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1 g potassium) for | 4 hr, during which time small portions of s yivent were distilled off. The reaction 


mixture was cooled and dil hydrochloric acid was added. The organic layer was washed with water, 
dil KHCO, solution and vith water and dried (MgSO,). The solvent was removed and the 
residue crystallized fron et I to give needles (4-50 ¢) of the {-keto-ester, double m.p. 110-111 
121-122”, | ic, O ind: C. 780: H. 10:5: O, 11-4. CysHyO requires 781: 
H. 10-75: O. 11-15°.2), bands at 5-70 w and 5:79 It gave a weak coloration with ferric chloride in 
met im 

rap of the r her 1-0 the keto ester 


irochlor is gave A-nor- 


2-one 105° me 143° (c, 1) (reported: m.p. 100-100-5°,** 
142°) 

\ 5 2 il 

I k (12 ) anol (12 ml) and 

1) 

0 19 1>¢ 

S ) t-butoxy hydride in dry 

\ ) at 


| cd 
led 
I dium 
‘ 
co (20 portions 
np ™ inc lor wher 30 mi roor temp Water 
W oO p ) Cj §2. 162 (1919) 
) 17-carbdox 225 my, log 4-1 K. Meyer, He 
( 1 29. 158 4 


4 
Bote 
room temp for 15 hr ite (111b), m.p. 89 » (roune 
(4 
| 
3 } Ty | +s mT) 
960 ‘ H C...H..O. requires: C. H, 
A lh \ xed m.p 
> onl) ited overnight at room 
| 
a 
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(100 ml) was then added and the mixture heated under reflux for 4 hr 


and the solvent remove 
Hexane eluted A-nor-5 


(c, 1-1), band at 5-77 w 


reported* m.p. 166-167 


This ketone, prepared from Diels’ acid as described by Windaus', ha 


} 


-cholestan-3-one (VI), needles from methanol 


i, Mm Pp 


After cooling the chloroform 
layer was washed with water, 5‘ , potassium hydroxide solution, again with water and dried (MgSO,) 
The residue was chromatographed in pentane on alumina (Fisher. 25 g) 


9-80° (corr), [x], +131 


The 2,4-dinitrophenylhydrazone had m p. 162-164" from ethyl acetate-ethanol; 


(Found: N, 10-1, Cs,H,.O,N, requires: N, 


/o) 


m.p. 72-74°, [x]p +105° as 


eluted a small amount of 


reported. On chromatogr iphy in pentane on active alumina this sol 
non-polar material; hexane eluted the pure ketone, m.p. 77—79°, u1 depressed by admixture with the 
above product. The infra-red spectra were identical 

Ozor f(Va). Excess ozonized o ‘ is passed through a s« yn of the unsaturated acid 
(1-0 g) C e-acetic acid (1 : 1) co 1 15 30°. hydro peroxide (15 ml) was then 
added a yn le t roo Dp ht. It s th concentrated acuo at room temp 
and the residue S tah ether. The \ iter, dried (MgSO,) and the 
ether rer l | ] ine 2//3 tane-2 4-dioic acid 
(Vila) yn f chl yforn 1 m.p. 221—223° (Foun C, 74-05: 10-65: 
QO. 15-4 ( Oo C. 74-2 H. 

I licarbo b I S ri LV eutral material 
which co ce C \ ? (VIIb) evaporatively 
d 14 10) ) 1) C, 74-9: H, 10-7: O, 14-2 
C,.H,,.O juires: ¢ +95; H, 10-8; O, 14-2 5-79 


(0-40 

10 ; ter, dried 
(MeSO.,) eutra 
il ind cr ) >] 22° d 
C, 710; H, 9-8: § 7 ( H.,.O.S. 1 H S, 12°65 °) ind at 5-80 u 
A.) (VIII 

The ab { 1) | Ol Ra icke 
hitered a | tane 
oO VITIb) le fle ef 

I 
8-579 { 6) (1 H, | +. H,.O ©, 30 H, dan 
it x0) 

Alk e the a I i: 80 H, 11-4 C.-H,y,O 
req cs H 

Esterifica e! [ bove ethyl ester, ix fiec y m.p. and mixed 
m Pp 
3 Vi ve \ / [-5 (XI) 

The me y Vb Un ) aer \ ove etnanc r or ethyl 
wet ‘ ) OO ss for Shr 
No! ro er ents 
was < p ( Hex fed 
ester (XT), | dies fron ethane 84-8 C, 81-05: H 
11-2. C,,H,,O, requires: C, 81-1; H, 11:2%), Anas 2 12000; b 5-90 uw and 6-09 u 

2-Hvydr xvmethviene-§5 cholestan-3 i =| I 176 
178 60 g) was dissolved in dry 2-but ) (120 ml) sopropy lide (25 ml) and anhydrous 

12 ‘ led and the suspension was refluxed with stirring for 18 hr 


potassium carbonate (12-0 g) were addec 
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I la, 0-30 f hloride 
and H. Kirchensteiner, H Ch icta 26, 288 (1943) 
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myer was W ashed 


M SO,) The 


1 sample 


Cc, 514 


ydroxide soluuon) was 


I 
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q 
, th ett ter s added. The organic 
0 mil) an 
\ r 3 
R 
su 
XII ‘ sand at 3-69 (aldehyde) 
cic ' (? ) was added to osmium 
tetr | rk of the osmate was icit at room 
temp overnight. sully (previously passe bar he 
he P ‘ 1 M ‘ ci { 24 459 M41) 
<*> <2 ae 
Wettstein, Ph.D. Thesis, ETH, Zurich (1959) 
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2 hr, which w ven filtered through a column of celite. The 


passed through the suspension for ] 


filtrate was concentrated at 1 pit ind ¢ ed fr ethanol, to give 


methanol had 


hydrous 
After 
The 


(MeSO,) 


the solution overni 

* G. lL. Poos, W. I ohns and L. H. Sarett, J. Amer 

R. Joly Warnant, G Nonimeé and D. Bert Bu 
*2 C, Djerassi and C. R. Scholz, J. Amer. Chem. Soc. 69, 2404 (1 47). 
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one epimer of 2 wel holestane (Xia, 60 mg), of n } 130-133° (Found Cc, 
ay: 75-35: H, 10-95: O, 13-5. C,,.H,.O, requires: C, 75-6: H, 110; O, 13-4%). From the mother 
liquors an epimer (XIb) was lated (40 hich after 4 recrystallizations from 
m.p. 166° (F ¢ 75-55: H 0: } 
xtur | Klaa XI ry roilorm (5 n ind 
M 
R nd the 
i 
a \ and 
ter 
KI 
H 
l 
On 
On XI 
H..OLN 
, 
Sx-( 
} , 
with water, dricd and the ether rhe crude res e (80g) ed 
; hvdrous met! 1(2 d the solution saturated with dry hydro chioride at V After leaving 
ethan were removed in vacuo at 
1958). 
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D-HOMOSTEROIDS 
BOAT CONFORMATION OF THE D-RING' 


N. L. WENDLER 
Research Laboratories of Merck & Co., Inc., Rahway, N.J 


(Received 24 March 1960: in revised form 8 July 1960) 


Abstract—Chemical evidence is cited in support of the boat conformation of ring-D in certain D- 
homosteroids. The interconversion of ketolic isomers ostensibly by methyl migration is presented 


l'He observation was made several years ago that the D-homosteroid oxide (1) under- 


goes scission with hydrogen bromide in acetic acid to give the bromohydrin 11.2 In the 


latter compound the functionality, Br and OH, becomes equatorially disposed in the 
chair conformation of ring-D (Ila)—a consequence in contradiction to the rule of 
axial opening of oxides.’ If, on the other hand, the conformation of the oxide (I) ts 
based on a distorted boat form of ring-D (cf. Ref. 4) then the bromohydrin corre- 
spondingly will have as its immediate structural consequence the boat form IIb in 


conformity with the diaxial opening rule.’ (See later discussion.) 


Recently, Barton ef a/.4 were able to isolate conformationally isomeric bromo- 


ketones in the triterpenoid field wherein one isomer was found to possess the A-ring in 
the boat form. A further conformational anomaly was also found in the reactions of 


f In this connection these authors 


the 28.38-epoxides of lanost-8-ene and lanostane 
made reference to the anomalous opening of the oxide (1) and suggested that this 
anomaly might be conformational in nature. As a result of studies in a related series 


& Ind. 1662 (1958): Ibid. 20 (1959) 


D. Tau S. Dobriner and 


Fukushima, J 
tand P. L. Plattner ‘ im. Act (1 } irst and R. Scotoni, /hid. 36, 1410 (1953). 
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we arrived at experimental findings which indicate the probability of the boat con- 


formation of ring-D in certain D-! omosteroids substituted at C-17 


droxvketone (III). of established structure,’ was converted with 
n pyridine a svlate derivative (1V).° The 
t met 10 {ass 1 hve ide was transformed 

* 282 mu 


ing Cee), 


ron bonding 


The D-ring dil 
methanesullony! ci 
latter on wa 
(5 
{ | nirared SpCcc frum of \ possesscd at 
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; metric u : tructu ted by Va. Proof of ture of the 
W) ner nt thannal; 
pota droxide VI d be t red by Dieck 
mat | f ti gd Vim turn was 
na 
Ja 
ba ontor non oti } in 
Vill then the ¢ hi disp srans-antiparalle th respect to 
ee the departing esviate functior would tf expected to migrate to give the known 
?. diosphenol (1X).’ Since, however, ring contraction takes place instead to give the 
4 *N.I “ ib 23 
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}-diketone (V), it is suggested that the D-ring possesses the boat-conformation (1Va) 
in order to accommodate this change in conformity with the geometrical prerequisities 


ol trans-antiparallelism of the moving and departing groups In this event the Opposi- 


tional forces. arising from non-bonded interactions between the C-15 met! yl group and 


the axial substituent at C-17 present in the chair struct responsible for con- 


formational inversior 
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place by methyl migration in the sense opposite to that leading to diosphenol for- 
mation from IV, namely C-17a —> C-17 to give IV as a transitory intermediate, which in 
turn undergoes ring contraction to the /-diketone V The latter sequence is again 
uniquely defined by the structure and stereochemistry of the diolone (XIV). The 
apparent interconversion of the isomeric ketols via methyl migration may be con- 
sidered to derive its promotional energy from the eventual collapse of each system to 


its respective stable enolate namely, Vb and XV. 


EXPERIMENTAI 


The 


dil KHCO 


part B 


Otassium 


H.SO, treated wit! 
vith KHCO 


| 


ta } | 

VI). A 100 ms f the acid VI was 
methylated tn et olut with diazomethar I rude ester in nzene was treated with a 
cc aliquot Irom a NULION g potassium i anol, an action n ture refluxed 
for 2hr. The reaction was worked up as previously and affor« rT ketone (V) from 
ether: m p. and mixed m.p. with a sample obtained from ¢ kalin gement of IV 169-172°: the 
infrared spectra of the two samples were identical 


(X1) 


Osmylation of the \*’-ketone (X). A solution of 2 g of the -ketone (X)* was treated with 2-5 g 
osmium tetroxide in 15 cc dioxane and allowed to stand 48 hr at room temp. At the end of this period 
the osmate ester was decomposed with hydrogen sulfide and the reaction mixture filtered through 
celite. The filtrate was concentrated and chromatographed on 50g neutral alumina employing 


mixtures of chloroform and ethylacetate for elution. Eluates consisting of chloroform afforded 1-1 g 
* In practice, potassium t-butoxide (see later examples) is superior to potassium hydroxide for the re 


arrangement to the //-diketone (V) since the latter is not further cleaved to the acid VI with t-butoxide as it 


is with hydroxide 


4 
4 
> 
— 
Ad 
ydrox y-16-acet (V) 
‘a tixaline earranvement | ‘z-acel y-16 nethar idfonyloxy-17 vy-17 -methyl-D- 
ne \ I\ 40 cc etha vas treated under 
mixture was co l, acid ! th 20 cc of 50 HC] a i metha re ved in vac 
Acidification ine te extract ecipitatc 1 Vi The rai ¢ | acetate layer 
was ¢ porated t ry t the liketone 
be 
ring C=O), 5°34 (6-1 C==0), 5-99 and 618 ( O). (Found: 
oe 
72-83: H, 8-66. for CoH O,: C, 72°83; H, 8-67 
( wave Vv) Vi \ MA n giket e(V)im 15 c 
* 3 a methanol was treated with 5 g KOH S cc water 1 refluxed i nitroge phere for 18 hr 
ce oe - residue was tak« thy etate and the ethyl acetate extracted thoroug! ith KHCO, solution 
—. Acidification of the potassium bicarbonate extract prec ted the acid VI. The latter was extracted 
with ethyl acetate, the iporatk i the re ta ed from ether p. 145-148" (cap.) 
7s = Sa 1} acid retained ent of cry lization tena \ 1 the latter affected the m.p. of the acid 
8-79. Calc. for C.,H,.O C, 69-23: H, 8-79 
The infrared spectru f this acid was identical with an authentic sample prepared as in i. 

(b) Preparatior f VI by wtive cleavage f y-] nethyl D-homo 5)- 
andr fane-\1 ne (Vil A solutior 6UU ‘Vil cc acetone was treated wit! 
permanganate and rred for 3 hr at room temp. At the end of this period the acetone was removed 
na stream ol nitroger ind replaced wil | equal \ me Of water Ihe reactio mixture was 

F acidified with sodium bisulfite and extracted with ether The ether layer was 
washed thoro solution and the extract acidified. The precipitated acid was taken 
up in ethyl acet 1 and the residue crystallized from ether. The acid VI thus obtained 
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(79°) of the known a-diolone’® m.p. 174-176°. Eluates consisting of 10 50”, ethylacetate in chloro- 


form gave 0-3 g (21°) of the /-diolone (XI) m.p. 180-182" phase change 205-207. (Found: C, 
68-25: 8-28. Calc. for C.,H,,0O,: C, 67°98; H, 8°37%) 
Acetylation of XI at room temp with acetic anhydride in pyridine gave the 3,16 diacetate derivative 


2-84 « (OH), 5-73 and 8-1 (OAc) and 5°84 (11 ¢ O). (Found: C, 66°79; 


6: &O4 
ne X1 as its 16-mesylate (X1b) to the [}-diketone (V). A 400 mg sample 


erted to it ) sviate derivative XIlb with 0-25 cc methanesulfonyl 


amorphous and could not be induced to 


O)jand & 8-5 
tive XIb in 10 cc t-butanol was refluxed for 
etal and 20 cc t-butanol 


il of the solvent 


washed free of 


afforded 


I spectrum 


e(V). A500 my s 


ctinanes fonyl 


OH) 9 


ae 
H, 8-25. Calc. for C,,H,O 
Rearrangement of the 
of the §-diolone X| was 
chloride in 2-5 cc pyridine solution. The latter was obtaincd 
crystallize, 2°8-2°9 « (OH), 5°78 8°0 (OAc), 5°84 
4 solut of 500 meg of the amorphous mesylate derivati 
ae 2 hr under nitroget th potas t-butoxide prepared from hs 
tur rked up lescribed b fication, removal 
reac rev descrided DY ACIGilicall 1, FORM 
in vacuo and extract f the residu to et cetate. The ethyl acetate extract was [i . 
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THE STRUCTURE OF 2,4-DIBROMOMENTHONE 


J. A. WUNDERLICH and W. N. Lipscoms 


Chemistry Departments, Harvard University and the University of Minnesota 
(Received 11 July 1960) 


Abstract—A three-dimensional X-ray diffraction study has shown that the product obtained by 
bromination of p- or L-menthone is 2,4-dibromomenthone [2(a), 6(e)-dibromo-2(e)-isopropyl- 
5(e)methyl cyclohexanone]. The two Br atoms are trans, and the isopropyl and methyl groups are also 


P2,2,2, and dimensions 


trans. There are four molecules in the unit cell, which has symmetry 
a 13-58, b 13-81 and « 6:25 A. One intermolecular Br Br contact of 3-52 0-01 A occurs, 


a distance which is about 0-4 A shorter than the van der Waals distance 


INTRODUCTION 
BROMINATION of either D- or L-menthone in chloroform yields a corresponding di- 
bromo derivative first thought to be! 1,4 dibromomenthone. Later studies*~* of the 
reactions of this dibromide led to the 2,4 positions as more probable. A recent review® 


of this evidence coupled with infrared spectra and nuclear magnetic resonance results 
Br 
H,C 
Br 


raised a strong possibility that the compound ts 2,2-dibromomenthone. The present 


X-ray diffraction study of a single crystal was undertaken to resolve this problem and 


to establish the stereochemistry, except for the absolute configuration, of dibromo- 


menthone 
EXPERIMENTAI 


Colorless needles, obtained from ethanol solution, w ‘ wit hi vatine of cellulosic 


cement tf rd |] vent ublimation a ] my nau ra DOSUI We ssenberg 


photographs of an approximately cylind il } ystal about um in diameter were taken wit! 
the use of CuK radiation. Visuai estim of tl nsities were made with th id of a calibrated 
intensity scale made from s eflections from a cr if the sam mp. 1. A superimposed 
powder pattern from aluminum t asas d for the unit parameter! The density of 
the crystals was determined by suspend mi Of did ing the temperature to 
22° until the last crystals just floated 
There are 4 molecules of C,,OH,,Br. in an ortho-rhombic unit cell having dim ( 13-58 
0-03. 4 13-81 0-05 and « 6°25 0-03 A. The density calculated from tl ray measurements 
is 1:78 only 0-01 g less than the observed valu atic extinctions of h0O for h 
odd, 0k0 for k odd and O01 for | odd lead uniquely to the space group P2,2,2 Absorption cor- 
rections were made at a later stage of the | tigation with uw 90:1 cm™~' as the linear absorption 


coefficient. A total of 1204 different observed eflections were measured representing 82 per cent 


+E. Beckman and H. Eickelberg, Ber. Dtsch ! 29, 418 (1896) 
2G. Cusmano, Chem. Zentr. 1, 976 (1914) 
+O. Wallach, Liebigs Ann. 414, 300 (1918) 
* P. C. Guha and B. Nath, Chem. Ber. 70, 931 (1937). 
M. A. Morgan. M.S. Thesis, University of Minnesota (1957). 
® J. A. Wunderlich, Bul/. Soc. Fr. Min, Crist. 81, 220 (1958). 
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of the possible total on the levels of the reciprocal lattice which were photographed. All reflections 
were correlated to a single scale with the aid of Weissenberg photographs of the levels hKI for 0 
K 9 about the 4 axis, and photographs about the c axis of the levels hkL for 0 l 4 


Structure determination and refinement 


An early attempt to solve the structure from the ¢ axis projection was abandoned 
because of overlap of atomic positions The three-dimensional Patterson function 


yielded the Br positions, which were employed to determine the phase angles of the 


structure factors in a three-dimensional electron density map. A clearly recognizable 
structure for all atoms except for hydrogens was found for 2.4-dibromomenthone in 
spite of diffraction ripples especially around the Br atoms 

Three-dimensional least squares refinement of the data uncorrected for absorption, 
and assuming isotropic thermal parameters and neglecting off-diagonal terms was 
unsatisfactory, leading to R wliFe I LIF, 0-30 or so. A three-dimen- 
sional difference map in which isotropic Br atoms were subtracted showed that the Br 
vibrations were strongly anisotropic, but further least squares refinement with the use 
of anisotropic temperature factors for Br atoms did not appreciably lower the value 
of R. Analysis of the individual F,’s and F,’s and the behavior of the thermal par- 
ameters indicated clearly that absorption corrections were needed. The long square 
needles were approximated by an equivalent cylinder for these corrections, and only 
the hkO, hk!, hk2, and hk3 data were felt to be of sufficiently high quality for further 
refinement. Successive refinement by least squares methods then reached values of 
R 0-25 for all reflections and R 0-15 for the hkO data. Even so, some lack of 
convergence, due probably to omission of off-diagonal terms, was indicated by ab- 
normally long C,—C, and C,—C, bond distances; but there also seemed to be special 
problems associated with the inclusion of unobserved reflections, and with reflections 
observed at high angles of scattering 

Final refinement was carried out on the I.B.M. 704 with all off-diagonal terms, 
with the aid of the program of Busing and Levy’. Only the 958 observed hkL re- 
flections for which 0 | 7 and sin @ 0-90 were included. The final agreement 
factors of F, F .|*)*/ wi F,|* 0-168, R 0-166 for all reflections and 
R 2 he hkO reflections are quite satisfactory. A summary of agreement ts 
shown in Table | 

The atomic parameters, shown in Table 2. have standard deviations of —0-004 A 
for the x, vy, or z parameters of Br, and of 0-03 for the x, or = parameters of C o1 
0, as computed from the full matrix of the least analysis Although the 
standard deviations of the isotropic temperature factors are 0-5 A*, these parameters 
are very likely subject arge systematic errors owing mostly to the absorption 


problems in this study 


Discussion of the structure 

The structure is shown in Fig. |. As might be expected if the bromination proceeds 
through the preferred enol form, the two Br atoms are at the 2 and 4 positions. The 
well known stereochemical details of methone itself are confirmed: the ring ts a chair 
form, and the methyl and isopropyl groups are in equatorial positions. The Br at C, 


is also equatorial, but it is quite interesting that the Br at C, 1s in the axial position. 


W. R. Busing and H. A. Levy, Report No. 59-4-37, Oak Ridge National Laboratory (1959) 
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Taste |. Vatues or R = — |F.|/X|Fo| POR DIFFERENT CLASSES OF REFLECTIONS 


Number of 
reflections 


R Range of sin 4 R 


All planes 0-17 0:00-0:40 0-14 112 


h k | odd 0-17 0:40-0:50 0-14 94 
h k odd 0-17 0-50-0-60 0-17 146 
k | odd 0-17 0-60-0-65 0-16 


h | odd 
h odd 
k odd 0-17 0:75-0:80 0-19 120 
| odd 0-17 0-80-0-85 0-2) 11] 
hkO 0-90 


Ok! 


0-90 


AMETERS” 


arameters 


0-0040 
0-0016 
0-0211 


Br 0-OR S58 0-2655 0- S004 


0-0045 


0-008 3 


0-0046 


00-0037 


0-0004 


0-0040 


0-00] 


( ()-147 0-038 O-R 


¥ 
4 


Models suggest that the H ...H interactions may be serious if the isopropyl groups 


became axial, although when Br is axial there are some Br...H contacts which 


appear to be somewhat shorter than the sum of van der Waals radii. However, short 
Br 


intramolecular ...H interactions may be less drastic than short H...H inter- 


actions. 


: 
= 
221 
a 
4 
0-21 
hol* 0-17 
a * Data somewhat omplete because only observed reflections hkL for 0 I and for sin@ = 
J 
Br 0-0510 0-063 0-409¢ 
( O-U4s 0-0 
( 0-007 0 
( 0-107 0 
( 0 
0-120 ( 
oF 0-254 ( 
i ( 0-288 0 
* x. ind ir xpressed as fractions of a, b, and c respectively. 
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We suspect that the equatorial preference of isopropyl may be lost in the enolic 
intermediate, and hence the resulting preference of Bi for the axial position at C, is a 
question of preferred stability of the final arrangement rather than preservation of the 
initial stereochemistry about C,, but we cannot be sure that another mechanism may 
not also be involved. The complete systematic name ol! this compound ts thus 2(a), 


6(e)-dibromo-2(e)-isopropyl-5(c)-methy! cyclohexanone 
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short C=O distances of 1-15 A in CCl,CHO" and of 1-14 A in halogenated p-quin- 
ones™ are not unreasonable’ and compare favorably with our value of 1-16 A, but 


we cannot claim that a slight shortening is significant. 
Van der Waals contacts less than 4 A are shown in Fig. 1. The shortest C...O 
distance of 3-31 A between C, and O is in reasonable agreement with an expected* 


TABLE 3a. INTERATOMIC DISTANCES 


irc A unit 


All distances 
i) { 
‘ ‘ 
tact of al iA CH oO. 1 feature of tl 
are. In the Br ul 
B Br co is of \ t ar 
crystal are appa \ B Mr t of 
Br bon 1] A ( Lod ve 
been attributed to hyd en pl ysla UV r hand 
M.G.R W_N.I 4 
: Clews a Cox { 1,4 
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-+ 


the short I—1 distance of 390A in P,S,1,°", the Cl... Cl distance of 3-46 A in p- 


dichlorobenzene™ and the Br Br distance of 3-76A in p-dibromobenzene™ are 


further examples of distances less than the usual van der Waals contact. These com- 


y and probably significan | that any detailed com 


parisons are interestuin 


corrections for 


parison of intermolecular contacts u regan vstal id mciude 


the crystal vibrations an Angstrom. In 


particular, we should like 1 able 1 iw it ent mechanisms 
of shortening uch as (a tronger binding forces u uc al drogen bonded 
crystals ay 


differes 


Br bond angle 


Br, distance. These 


of the two X—X 


Ihe 
accreas d 
coupling 


shorter than 


common, 


magnitude 
i .O 
group are not more 
important, and that t listortion 1s not a ! well that there are com- 
pensating attractive int ys between O and Br,, somewhat similar to those in 1.4 


dioxane-chlorine.” an effect which may possibly show up a charge transier 


spectrum 

It seems easiest to understand the bromination reaction as two steps in which the 
first Br goes int : axial position on C, because of the relatively poor steric situation 
if the isopropyl group were axial. The second Br very probably goes into the equa- 
torial position preferentially to avoid a steric problem with Br,, already axial 

If z-bromocyclohexanone is taken® as a model compound for a comparison of the 
H' resonance spectrum it is to be noted that the H atom on the z-C atom ts equa- 


torial™ in this compound, whereas the corresponding H atom of 2.4-dibromomenthone 


D. A. Wright and B. R i f sf. 12, 455 (1959) 

‘J. Housty and J. Cla 7) 

*S. Be und Croatto a 318 (1942) 

ind K. O. Stroamme, hem ynd. 13, 1775 (1959) 

* FE J. Corey. J. Amer. Cher } S, 27301 (1953): see also N. I Allinger. J. Allinger and N. A. LeBel!, 
lhid. 82. 2926 (1960) 


a 
3 
t thermal ampiutudccs of crystal vioravions rareiv renadiv corrected tor. 
(c) specific charge transicr and vaience intcrachior probably not compictely dis 
af tinguishable from (a). but perhaps associated with specific electronic transitions in the 
+ complex, and, fir v. (d) n der Waals contacts whi ire difierent depending upon 
the direction of approac ad re orienta on nd lone pair o1 
The present data et insulficient some hope that these various 
a's effects can be sorted r that the questior an be reformulated so that these eee 
lhe C,—B d ang C,—Br, 
161-4° are interesting aspects of this abnormally short Br,... 
angics OF and iV) V cn occul id X. « ils, where X 1s Br 
mca inesc a cs NOL Cicar. i‘ CT ised attractio 
repu m or Dol re occurring, Dul a study of nucicar quadrupe 
constants in the dipro ent me cryvsta would De of considcradik nicra 
Ihe intramolecular Br O distance is only 2°88 A, considerably 
the expected van der Waals contact of 3:35 A. Such short es are 
~~ but it is most interesting that the Br, atom is only 0-25 A out of the plane defined by C.,. 
ak? ¢ ind O atoms. in the unexpected direction that ¢ © just fails to be staggered 
: 
‘ 
Aa 
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is axial. A shift from about 152-5 c.p.s. (equatorial) to about 185 c.p.s. (axial) at 
40 m.c. might be anticipated,™ but it 1s not known whether this effect was taken into 


account.’ Further substantiation of this difference between 2-bromocyclohexanone 


and 2.4-dibromomenthone is that the carbonyl infrared absorption ts shifted’ from 


about 1701 cm in L-menthone to about 1721 cm™' in 2.4 dibromomenthone, a 
shift suggesting approximate coplanarity of CO and CBr (equatorial). This large 
shift is to be compared with the relatively small shift™ of only 4 cm~' when cyclo- 
hexanone is converted to 2-bromocyclohexanone, which has an axial Br atom 


Finally, with respect to the recent chemical evidence he earlier synthesis” of 4- 


bromomenthone could not be repeated, but monoiodomenthone is known.*’ 
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KETONES DERIVED FROM PHYLLOCLADENE 
R. HENDERSON and R. HODGES 


Chemistry Department, University of Glasgow 


(Keceived 25 July 1960) 


Abstract—Phvllocladene has been converted into some 15- and 16-oxo derivatives. The rotatory 


dispersion curves of these indicate that XV is the most likely structure for mirene 


SINCE the structure of phyllocladene has been established,' it was thought desirable to 


prepare a related series of compounds containing keto groups at C,, and Cy, for 


rotatory dispersion studie hroughout this paper a systematic nomenclature will be 


used, based on the parent hydrocarbon phyllocladane (1). In phylloclad-15-ene the 
double bond is much more hindered from the / , $0 it is probable that | corre- 
sponds to locladene’”’. roduct of catalytic hydrogenation 

Accordingly hvllock be wa ivdral vil a giving an al 

hich was not It would be ¢ Kpected that 
the hydration si ita lace ina cis m r > the molecu 
nence I] Ssnoul! 

This was confirmed 
was also prepared | 
(1Va) 

In view of the nature of the Cotton efiects of 1 cetone was decided t 
15-oxo-17-norphyllocladane (IIIb). Hence rphyllocladane (Va) wa 
with sodium borohydride to an alcohol which would be ted to have t 
Via. This was cor 
under reflux in quinoline it un ent smooth eli 
Hydrogenation of Vila gave the parent hydroc 

Conversion of Vila to the epoxide IVb followe 
ethylamine ni alcohols whicl 
tography. That t 
cladane (I Xa) was 
ments had taken place during tl quence of reaction 


therefore be |5a-hyd1 7-norphyliocladane (Villa Oxidation 


desired ketone (IIIb) 


onead 


Prior to this work other routes to IIlb were explored, bu anc 
unsatisiactory yields ice SOM i the intermediates may De interest, these 
described 

Oxidation of phylioclad-15-ene with selenium dioxide produced an unsaturated 
aldehyde (Vilb) having I.R. absorption in CCI, at 2798, 2701 and 1679-5 cm™ and 


U.V. absorption in MeOH at 256 mua, 10,500. This high A/,,.. 1s not inconsistent 
with the proposed structure as ketones in strained 5-membered rings are known” to 
P. K. Grant and R. Hodges, ahedron 261 (1960) 


H. C. Brown and G. 7 er , 81, 247 (1959) 
* K. Wiesner, F. Bickelhaupt and Gotz, Tetrahedron 9, 254 (1960) 
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absorb at high wavelengths. It should be pointed out that the ketone XI’ is also 
abnormal (Amax 241 my, ¢ 7800) while XII* absorbs at the expected wavelength (Amax 
230 mu). This difference is most probably due to the strain introduced into ring D by 
the proximity of the methyl group at C,. 

The aldehyde (VIIb) was reduced to the allylic alcohol (VIIc) which could be 
readily oxidized back to VIIb with manganese dioxide. Epoxidation of VIIc followed 
by reduction with lithium in ethylamine gave a mixture of diols, one of which was 
isolated as its monoacetate and shown to be identical with the product (IXb) obtained 
from acetylation of the known® 16,17-dihydroxyphyllocladane. The other diol is 
probably 15x,17-dihydroxy-16-epiphyllocladane (VIIIb), which should be convertable 
to IIIb. In view of the low yield of VIIIb, this has not been attempted. 

Rearrangement of the epoxide (I1Vd)with boron trifluoride produced a mixture of at 
least three compounds, from which a substance was isolated (m.p. 108°) whose analysis 
would be consistent with either that of IIIc or X. However, this had I.R. absorption 
in CCI, at 1713-5 and 1747 cm“ and no bands in the 2700-2800 region, which would 
make both these structures seem unlikely. This substance has not been further 
investigated. 

In connexion with other work, the ketone (Vb) was prepared by alkylation of 
16-oxo-norphyllocladane with propargyl chloride. The propargyl group must have an 
x-configuration since the /-epimer would appear, from models, to be sterically unlikely. 

Rotatory dispersion curves of the five ketones, II, Ila, IIIb, Va and Vb, were 


compared. The first three of these all had negative Cotton effects with only slight 


differences in amplitude: that of Illa being less than II, in agreement with the assigned 


configurations of their 17-methyl groups. In addition Va and Vb both showed positive 


Cotton effects. It 1s clear that alky 


substitution at a carbon adjacent to a carbonyl 
group at C,, or C,, makes very little contribution to the Cotton effect. This confirms 
the observations of Bourn and Klyne‘® that the sign of the Cotton effect of ketones in 
rigid 5 mem 1 rings 1s largely determined by the asymmetry of the ring containing 
eff Thus the 


structure XIII which has been proposed’ for oxo-normirene would be anomalous if it 


the carbonyl and that the substituents have only minor 


showed a Cotton effect of different sign from that of Va. Since oxonormirene does in 


we would suggest that it does not have the proposed 
Structure 
Any formula for mirene must contain a methylene group, exocyclic to a 5 
membered ring and must account the nature of the rotatory dispersion curve of its 
derived norketone and for its acid catalysed rearrangement to phylloclad-15-ene. It 
was thought possible that XIV might be capable of rearrangement to phylloclad-15- 
ene, the driving force being the high degree of steric interaction between the substitu- 
ents at C,, and C,;. However, the ketone (IIIb), while having a rotatory dispersion 
curve of the same type, is not identical with oxonormirene. 
Ihe structure XV should satisfy the first two requirements for mirene, although an 
unusual path must be invoked for its rearrangement to phylloclad-Il5-ene. Work 


aimed at preparing Structures of this type IS now in progress. 


Parker. Personal communication 
. W. Brandt, N.Z. J. Sci. Technol. 34B, 46 (1952) 
M. Bourn and W. Kiyne. /. Chem. Soc. 2044 (1960) 
H. Briggs, B. F. Cain, B. R. Davis and J. K. Wilmshurst, Tetrahedron Letters No. 8. 13 (1959). 
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168-H ydroxy-17-norphyllocladane (Vla). 16-Oxonorphyllocladane (V) (1:20 g) was treated with 
sodium borohydride (400 mg) in aqueous methanol (50 ml, 90°.) for 12 hr at 20°. The product 
crystallized as needles (1-11 mg) of Vila from light petroleum, m.p. 150-151-5°, [z]p +17° (ec, 0-9) 
(Found: C, 82-45; H, 11-85. requires: C, 82°55; H, 11-65%.) 

17-Norphylloclad-\5-ene (Vila). Via (1-10 mg) was reacted with p-toluenesulphonyl chloride (1 g) 
in pyridine (15 ml) for 8 hr at 20°. The resulting tosylate was heated under reflux in quinoline (5 ml) 
and the product, in light petroleum was filtered through alumina Crystallization from aqueous 
ethanol gave Vila (940 mg) as plates, m.p. 72°5—73°, [«], 7° (c, 0-7). (Found: C, 88-1; H, 11-65. 
CoH requires: C, 88-3; H, 11-7 ) 

17-Norphyllocladane (Vib). Hydrogenation of \ Ila in ethyl acetate using Adams’ catalyst gave 


Vib as plates from aqueous ethan l, m.p. 85-86 °, [x], 3° (c, 0-9). (Found: C, 87-4; H, 12-4. 
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Reduction of the epoxide (1Vc). 1Vc (170 mg) was reacted with lithium in ethvlamine as before 
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: acetic anhydride in pyridir rat 20 Adsorption from light 


The product was acetylat 
petr leum on alumina deactivated with 5 acetic ¢ . followed by elution with light 
petroleum gave a crude diacetate which was not obtained crystalline. Further elution with benzene 


chloroform (3 : 2) gave 17-acetoxy-16-hydroxyphyllocladane (IXb; 43 mg from light petroleum), 
m.p 142-143-5°. (Found: C, 76-0; H, 10-5. requires: C, 75-8; H, 10°4%.) This was 


identical with a specimen prepared by partial acetylation of 16,17-dihydroxy phyllocladane. 
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been completely climinated, The sodium pyrazole in xylene was refluxed for 10 hr with diethyl-«- 


bromethylacetal (220 ¢) and after cooling the xylene layer washed with water. dried and evaporated 
yl-N)-ethylacetal, b.p. 112-119°/23 mm was 


N, 13-94 


under reduced pre 
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all ywwed 
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§-52: N, 26°78. C.,H,O.N 


lourless plates | 
C, 46°44; H, 5-85: N, 27-07°.). The synthetic L-x-amino-/- 


(pyrazolyl-N)-propionic acid is identical in all respects with the natural product 


icknowledgements—-We wish to thank Professor O. Hayaishi of Kyoto University for the natural 


water melon, and to thank Miss T. Hisamichi and Messrs K. Kodera and 


amino acid isolated from 


T. Kohno for the elementary analyses and infra-red spectra determinations 
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SYNTHESIS OF 1,3-DIMETHYL-1,3-DICARBOXYCYCLO- 
HEXANE-2-ACETIC ACID 


AN ISOMER OF THE DEGRADATION PRODUCI 
OF ABIETIC ACID! 
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Abstract ynthe ) -dimet! _3-dicarboxycyclohexane-2-acetic acid has been described, and 


proved to be ar th ac an oxidative degradation product of abietic acid 


AmeTic acid (1) yields two optically inactive homologous tricarboxylic acids,** 


C,,H,,0, (ID and C,,H,,O, (IID), on energetic oxidation with potassium permanganate 


or vigorous ozonolysis®’ and oxidation with nitric acid." The stereochemistry of the 


a very important part in determining the configuration 
(1) and related resin acids. Barton and Schmeidler? 


ruration to these acids (11 and III) on the basis of the 


nt and optical inactivity 


» synthesize the C, -acid have been recorded,!™ 


1] 
it 


its structure by synthesis still remains to be achieved. The 


»of S.N.M ipatra and presented at the Golden Jubilee 
titut ing re, October (1959) 
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'P. N. Rao and hi & Cult. 19, 507 (1954); J. Org. Chem. 23, 169 (1958) 
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Synthesis of 1,3-dimethyl-1,3-dicarboxycyclo-hexane-2-acetic acid 


H.C COR H.C CO.CH, HC 
CH,CO,R 


Ix 


present paper deals with an investigation on the synthesis of the C,,-acid by the method 
outlined below 

Methyl 2,6-dimethylcyclohexanone-2-carboxylate (IVa) was employed as the 
starting material. The corresponding ethyl ester (1Vb) was first prepared by Ruzicka 
et al."* and later by Haworth and Barker’ by methylation of ethyl 6-methylcyclo- 


CH, 


COR 
COR 


XI a,R=CH, 


b,R=CH, 


hexanone-2-carboxylate (XIIb), the latter being prepared by the method of Kotz ef 


ferent procedure, as outlined below, was adopted 


al.“ In the present investigation a dil 
for the preparation of XIla Ethyl 2-n ethvicyclohexanone-2-carboxvlate ) (X) on 
treatment with sodium ethoxide yielded diethyl x-methylpimelate’® (XIb), contami- 
nated with presumably the $-keto ester (XIIb) giving colour with alcoholic ferric 
chloride. As it was not possible to separate the two by fractional distillation, the 
crude product was treated with 10 per cent aqueous methanolic potassium hydroxide 
with the expectation that, besides saponification, the contaminating /-keto ester would 
undergo ketonic fission by this treatment. The resulting acidic material was esterified 
to yield the pure d methyl «-methylpimelate (X1a) in 60 per cent overall yield. Dieck- 
mann cyclization of Xla, using sodium dust, furnished methyl 6-methylcyclohexanon- 
2-carboxylate (XIla) in 45 per cent yield; the use of sodium hydride increased the 
yield to 90 per cent. The /-keto ester (XIla) was methylated with sodium dust and 
methyl iodide in benzene to give methyl 2,6-dimethylcyclohexanone-2-carboxylate 
(1Va) in 95 per cent yield. 
2 L. Ruzicka, D. R. Koolhaas and A. H. Wind, He Chim. Acta 14, 1151 (1931) 
D. Haworth and R. L. Barker, J. Chem. Soc. 1299 (1939) 

A. Kotz and A. Michels, Liebigs Ann. 348, 91 (1906); A. Kotz, K. Blendermann and J. Meyer, Ber. Dtsch. 

Chem. Ges. 45, 3703 (1912) 
15 R. P. Linstead and A. F. Millidge, J. Chem. Soc. 478 (1936) 
16 W. Dieckmann, Ber. Dtsch. Chem. Ges. 33, 2670 (1900) 
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The keto ester (1Va) was subjected to Reformatsky reaction using equivalent 
quantities of ethyl bromoacetate and zinc wool in presence of a crystal of iodine. 
After decomposition of the resulting complex the crude condensation product was 
obtained in 30 per cent yield, and 60 per cent of the keto ester (1Va) was recovered. 
Use of larger quantities"’ of ethyl bromoacetate and zinc did not have any appreciable 
effect on the yield. This was probably due to the simultaneous formation of an enolate 


complex (XIII), analogous to the observation of Newman'*. Hence, it was found 


expedient I li roportions of the reactants and repeat the experiment 


everal tin with the 1 red ket t Ihe crud 


e condensation product was 
‘hydrated using tl chlor ridin iel 2.6-dimethyl-6-carbo- 


net 


hoxvcvclohexene-|-acetat a) in ( nt yield. The dehydrated product 


consisted main tl isome! a). indicat by the absence of the characteristic 


The unsaturated diester 
irtially saponil { ty it h one ¢ alent of 10 per cent aqueous 
pota vdroxide to vield 2 

acetic acid (Vb) he acid chloride btained n Vb by treatment with oxalyl 

chloride.“ was conve! nt 2 limethyl 6-carbomethoxycyclohexene-1- 
propionate (Via) in 50 nt yiel atme ith diazomethane followed by 
irrangemen ude diazoke he diester (Via). thus obtained, 
nethoxycyclohexene-|-/-pro- 

pionic acid t len r the y.d-ethylen nkage in 2.6-dimethyl-6-carbo- 


was provided by ozonolysis*’ of VIb- 


led a diketo acid (XIV) identified through its bis-2,4-dinitrophenylhydra, 


reaction no neutral aldehydic or ketoester could be detected indicating 


or x.f-ethylenic linkage. Cyclization of the homologous ester 
acid (Vib) was carried out with phosphorus pentoxide™ in refluxing benzene to yield 
4.8-dimethyl-4-carbomethoxy-A*-hydrindene-l-one (VII) in 40 per cent yield. The 


unsaturated keto ester (VII) did not show any ultra-violet absorption maximum 


(1940) 


1 R. Robinson. Chem. Soc. 361 (1953). 


React , 38 (1942 


here, J. Am m. Soc. 72, 505 (1950) 
Johnson. Ore. R tions 2, 114 (1944) 


ore 
26 
H.C 
CH.CO.C.H, 
CH, 
xu 
d 
— 
which yielded 
q on. hth 
Vib 
O.CH, 
XIV 
4 7 W. E. Bachmann, W. Cole and A. L. Wilds, J. Amer. Chem. Soc. 62, 82, hid 
S. Ne lA Soc. 64, 2131 (1942) 
E. Ungnadk i1.o 1A Chem. Soc. 73, 1564 (1951) 
J. W. Cor S. R. Duff, H. Holtermann an i 
eee tJ. A. Moore, J. Org. Chem. 20, 1607 (1955) ae 
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characteristic of A*-cyclopentenone derivative” and hence was assigned the structure 
Vil. Catalytic reduction of VII yielded 4,8-dimethyl-4-carbomethoxy-hydrindane-]- 
one (VIII) as a colourless mobile oil. 

pentasubstituted derivatives of cyclohexanes the axial substituent at C, is less hindered 
than the equatorial substituent, and assuming that the heavier carbomethoxyl group 
was equatorial and the methyl group axial we considered that the hydrogen might 
approach from the less hindered*’ axial side giving a trans-hydrindanone derivative. 
On the other hand, on account of hindrance due to the axial methyl groups,** the 
hydrogen might approach from the equatorial side leading to a cis-hydrindanone ring 
system. Consequently, the triacid (1X), obtainable by oxidation of the reduced 
keto ester (VIII), could be either trans—meso or cis-meso or a mixture of the two 
depending on the mode of hydrogenation of the unsaturated keto ester (VII). The 
saturated keto ester (VIII) was condensed with ethyl formate to yield the corresponding 
hydroxymethylene derivative which was oxidized’ in the crude state with hydrogen 
peroxide to yield | ,3-dimethyl-1-carbomethoxy-3-carboxycyclohexane-2-acetic acid, 
and this was directly saponified®® with 25 per cent aqueous methanolic potassium 
hydroxide to give | ,3-dimethyl-1,3-dicarboxycyclohexane-2-acetic acid (1X) as a solid. 
It was crystallized from acetone to give clusters of very fine needles, m.p. 212-213°(d). 
The mixed melting point, however, was depressed by 8° on admixture with the C,,- 
acid, m.p. 212-213", obtained by the degradation of abietic acid,”:* thus indicating the 
synthetic acid to be a stereoisomer having, presumably, a cis—meso configuration. 
Rao and Bagchi" also obtained an isomer melting at the same temperature, which 1s in 


all probability identical with our product 


EXPERIMENTAL* 


Dimethyl a-methylpimelate (Xia). Ethyl 2-methylcyclohe xanone-2-carboxylate’’ (X, 184 ¢) and a 
solution of sodium ethoxide, prepared fron sodium »g) an thanol (58 ml), were heated for 4 hr 


on a steam bath. To the reaction mixture, which gave ferric chio ration, was added 10 


aqueous methar olic KOH (2 1.) and the mixture wi *fluxed for 5 hr he methanol was removed 


under reduced press and the aqueous solution of the ft ‘tract with ether, was 


acidified with cold dil HCl. The oily product was extracted with r, an I her extract was 
washed with water and dried (Na,SO,). After removal of the u ucidic product was 
esterified by refluxing for 72 hr with methar ml) containing con The cooled 
reaction mixture was poured into 1 old brine and worked uy tion with ether in the usual 
way. Removal of the solv llation of the resi n vacuo furnished Xla (120 g, 60°), 
b.p. 98-100° (1 mm), 7; ‘ . , requires: C, 59-40; H 
) 

Methyl 6-methylcyclohexanone-2-carboxylate (X1la). A small portion (ca. 10 g) of dimethyl «- 
methylpimelate (Xla, 107 g) was added to refluxing benzene (500 ml) suspension of sodium hydride 


nitrogen. it the reaction started (cz mul the rest of the diester 


(23 g) in an atmosphere ol 


was slowly added and the refluxing continued fo h The cooled reaction mixture was decomposed 


with an excess of cold dil HCI under nitrogen he organic layer was separated and washed 


* All m.ps and b.ps are uncorrected, an ultra-violet measurements were taken in 95 ethanol with 

a Beckmann Quartz Ultra-violet Spectrophotometer od DI 
W. M. Schubert and W. A. Sweeny, J ‘ 77, 2297 (1955) 

26 —D. H. R. Barton, Chem. & Ind. 664 (1953 lem x. 1027 (1953). 

27 R. P. Linstead, W. E. Doering, S. B. Davis, ‘vine and R. R. Whetstone, J. Amer hes oc. 64, 1958 
(1942) and later papers 

2* R. B. Turner, M. Perelman and K. T. Park, Jr., J. Amer. Chem. Soc. 79, 1108 (1957) 

2° F. yon Gautschi. O. Jeger. V. Prelog and R. B. Woodward, He Chim. Acta 38, 296 (1955). 


© F. E. King, T. J. King and J. G. Topliss, Chem. & Ind. 113 (1956) 
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successively with water, ice cold aqueous NaHCO,, and water The solvent was removed and the 
residue distilled to give XIla (82 g, 90°,), b.p. 65-68 (1 mm), #5 I 4768. (Found: C, 63-51; H, 8-35 


C,H, ,O, requires: C, 63°53 H, 8-23 } 

When the aforementioned reaction was carried out using sodium dust the /-keto ester (XIla) was 
obtained in 45 eld 

Methyl 2,6-din yicyclohexanone-2-carboxylate (1Va). Methyl 6-methylcyclohexanone-2-car- 
boxylate (XlIla y added to an ice cold < f sodium d (23-06 g) dry 
be ba < lot formed ided methyl 
cn | rw I he i er 
iN St) I he 1\ S1-82 
il j ( re C, 65-22: H, 

j \ \ eth 
cy c-free he ‘ 
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a cx lar 
4 her T he The b 
et 
Na.SO 


Vu ? vi loa e-cold sol of 
be ; traces of oxalyl chloride 
it) int is 
ethereal solutior CH,N,, prepared vi ca™ (25 i over a period of 
B A 41, 3558 (1908) 
F. Arndt, Or Sw ve il 165 0) 
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efluxed { ed « r. After 

1753. (Found: C, 6608; H, 8:63. C,4H,,0 C, 6615; H, 868%) 
Vb (Ro 69 m.p. 123~124-S° (Found: C. 63-66 
The S from dil ethanol. mp. 179-130" (Found N. 7-20. 
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1 hr, when the evolution of nitrogen stopped. The solvent and excess of CH,N, were removed under 


reduced press at room temp to yield the oily diazo ketone (12 g). 
To a warm (50°), stirred solution of the crude diazo ketone (12 g) in absolute methanol (300 ml) 
aqueous AgNO, (50 ml) 


was added in 3 lots a slurry of silver oxide in methanol, obtained from 10 
The alcohol was removed 


The mixture was refluxed for 2 hr, and after boiling with norite was filtered 
under reduced press and the residue was distilled to yield Via (5 g. SU i. b P 125 130 (1 mm), 

1-4820. (Found: C, 66 H, 8°66. C,,H..O, requires: C, 66°15; H, 8°68"). 
2.6- Dimethyl-6-carbomethox ycyclohe propionic acid (V\b). Methyl 2,6-dimethyl-6-carbo- 
by refluxing with 
id Vib (Se. 


O, 


methoxycyclohexe 

10 aqueous 

7¢ It was cr 

requires: 65-00; H 
The S-Per 


(Found: N, 
» a cooled (0°) 
a current 
min ona 


reaction 


gave violet 


a solution of th 
and 2 N NaOH (30 ml 
ui at the 1 


ir treatments 
ent, the crude ester 
hanolic KOH (8 ml) 


the residue, after one 


oily product was ip by extr 


diacid (0-4 ¢) was saponified by reflux! 


The methanol was removed under reduced press an 


: 44 
4 
zed from acetone, m.p. 143-1445". (Found: C, 64-98; H, 823. 
5 miun at of Vib crystallized from dil ethanol m.p 141-142 
7-03. re re N. 689°.) 
Ovzor i f 2.6-di 6-cal nethoxycyclohexene-| propionic acid (V\b). 
solut fthe u tura jester acid (VIb. 0-2 carbon t rachlorid ml) wast 
ot mized ior Wt The s ved ad e residuc i eated I 
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NaOH. The ac material wa late i | ed by 
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- 2 lark residue after repeated washing v ¢ e, was de ed with powdered ice, diluted with 
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/usammenfassung ‘4 DOstituierte cyi-tetr i rieiden 60-110 


Abstract W 


letraz 


uberlegen. 


Caen 

Dip 
Hu 


R. Hu 
1864 (1959) 


und seine Derivate 1d dem Pentazol in der Temperaturbestindickeit 


erreichen aber bei weitem nicht die der Benzol-Abkémmlinge. Wahrend 


ind J. H. Markgraf, 


nda 1960 


Vel. ferner I. Ugi und 
7. 91, 2324 (1958); Ibid. 92, 


; 
cine Thermolyse unter 
Stick flaustritt Die N-Acy ca che Z enstuler chliessen den 1.3.4- 
ae Ox ring mit sehr guter Ausbeute. Die abwechselnde Behandlung des 5-Phenyl-tetrazols mit 
4 t vic rid } d Dietet cu es Duplikat verfahren zum Aufbau 
von Poly len Be kernen. Vom 7 thalsdure-dinitril 
ius werd ik ACT P reich In der Lichtabsorptior entspricht 
las 2,5-disubstituierte 1,3,4-On ol einer p-Phenylen-Einheit 
qua ative los N-acy termediate 
3.4 is. By an ele 
hye 4 en resembles very closely 
(A) Riv finungen in der A Reihe 
K ONDENSIERTE aromatische Kohlenwasserstoffe gehéren zu den temperaturbestandig- 
sten organischen \ dunget Allerd s kann von einem allgemeinen Zusammen- 
hang zwischen ther r Bestar ind aromatischem Bindungssystem keine 
Red gd thermochet cher Daten zweifellos aré itischen Aryl- 
pentazole bicte las lere Extrets nach Huisgen und Ug’ betragt die Halblebens- 
reit des Phenyl-pentazo n Methanol b QO nur 13 Min 
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das 5-Phenyl-tetrazol am Schmelzpunkt (215°) Stickstoff freisetzt, sind die Alkalisalze 
der Tetrazole viel stabiler. Immerhin konnte man aus lsomerisicrungen in der Reihe 
des 5-Amino-tetrazols schliessen, dass schon bei 140° eine kleine Gleichgewichtskon- 


zentration an offenkettigen Guanylaziden vorliegt.* 


Man darf erwarten, dass die Offnung aromatischer Ringe umso leichter erfolgt, je 


besser der Verlust an Bindungsenergic—dieser ist auch * aromatische Resonanz- 
energie zuzurechnen—schon im U bergangszustand kompensiert wird. Die Verfolgung 
dieses Gedankenganges fiihrte zur Aufdeckung neuer Ringdffnungen in der Azol-Re ihe, 
die zum Teil bereits bei recht niedris ‘mperatur ablaufe Wir fanden, dass sich 
an die Acylicrung 5-substituiert letrazole mit Carbonsdure-chloriden oder-anhydri- 
den schon bei 60—120 nacl ution, eine Stickstoffentwicklung anschliesst; 
in sehr guten Ausbeuten wurden 2,5-disubstitul 1.3,4-Oxdiazole isoliert 

K inc he re | reichneten e1 di ylierung der Tetrazol-Derivate in 
der Stellung 2 als r: ce, vorgelaget aktion: in giinstigen Fallen liessen sich die 
Acyl-tetrazole (1) quar 


Die aromatische azol-Me erie beansprucht das Elektronenpaar am N-2 in 
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Acyl-tetrazole als Acylierut te r kurzwellige infrarote Carbony| 
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machtige Férderung durch den Gewinn an Carbonamid-Mesomerie. Ob sich die 
Sprengung des Tetrazolringes iiber den Diazoalkan-Abkémmling II als Zwischenstufe 
volizicht oder ob der molekulare Stickstoff einstufig abgelést wird, steht noch nicht 
fest. Aufgrund kinetischer Untersuchungen* bevorzugen wir den Mehrzentrenprozess, 
der unmittelbar von I zu III fiihrt und von der Freigabe der extrem grossen Bindungs- 
energie des N,-Molekiils profitiert. Die hypothetische, aber zwangsliufige Zwischen- 
stufe III ist ein N-Acyl-nitrilimin. Die Sextett-Grenzformeln IIIb und c charakteri- 
sieren den zentralen Kohlenstoff als elektrophil und legen den Weg der innermole- 
kularen Stabilisierung durch erneuten Ringschluss zu IV nahe. 

In Uber 50 Beispielen bewahrte sich die Tetrazol-Acylierung als ebenso ergiebige 
wie einfache Synthese von 1,3,4-Oxdiazol-Abkémmlingen.® Die Alkyl- oder \rylreste 
im Tetrazol-Derivat m Acylierungsmittel erwiesen sich in weiten Grenzen 


variationst ahig. 


(B) Darstellung von Polyaromaten mit alternierender ge von Benzol- und 1,3.4- 
Oxdiazoikernen 


Die hohen Ausbeuten bei der acylierenden Ringdffnung 5-substituierter Tetrazole 


machten ein Duplikationsverfahren zur Synthese definierter Polyaryle aussichtsreich. 


au 


16, die 


Methyl- und 
r Nitroso- 


Lithiumazid in siedendem 
liese vorteilhafte Tetrazol- 


‘rtuhren. 


Bei der Einwirkung iiberschiissigen Benzoylchlorids auf die siedende Suspension 


von V in wasserfreiem Pyridin rden glatt 2 Moliquivalente Stickstoff freigesetzt. 


Die Abscheidung der farblosen Kristalle des fiinfkernigen Systems VI setzte schon vor 


der vollstandigen Lésung von V ein. Das 1,4-Di-[2-phenyl-1,3,4-oxdiazolyl-(5)]- 


* O. Gerngross und inkel, B tsch em 57, 739 (1924); R. Pummerer 
r, Ibid. 57, 84 (192 immerer un gsberger, J/ , 2477 (1931): M. Busch 
\ E. Miller Ope D 1 
\ nvle M isch und eber Prakt n. [2] 146, 1 (1936) 
ern, M. Seibel und H. O t Makrom Chem. 29, 164 (1959); W. Kern, H. W. Ebersbach und 
Ziegler, Ihid. 31, 154 (1959) Kern, W. Gruber und H. O. Wirth, /bid. 37, 198 (1960). 
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benzol (VI) wurde auch durch Cyclisicrung des ,2-diaroyl-hydrazins erhalten.!” 


Die aus V mit p-.Nitrobenzoylchlorid zugingliche Dinitro-Verbindung VII ist noch 


weniger léslich als VI: aus siedendem Nitrobenzol konnten die gelben Blattchen von 


VII mit Schmp. 405-406" umgelést werden 


Das mit p-Cyan-benzoylchlorid aus V analog gewonnene Penta-aryl VIII mit 


rruppen hictet wieder Gelegenheit zur Angliederung zweier 


seinen endstindigen Nitri 
never Tetrazolringe. Die Umsetzung mit Lithiumazid gelang in Dimethylformamid 
in der Siedehitze. Das Auftreten der fur 
NH-Valenzschwingung un : ehle ler Nitrilschwingung sprachen fir eimen 


letrazole charakteristischen assozuerten 


Ablauf zum heptacyclischen System IX 


vollstandigen 


hiissigem Benzoylchlorid 


lrotz der geringen Léslichkeit setzte sich IX mut Uberscl! 


bzw. p-Cyan-benzoylchlorid in siedenden jin zu den neunkernigen Polyarylen 
X und XI um. Die Stickstoffentwicklung entsprach nimlich mit 2 Moliquival. det 


Erwartung. Die Schwerléslichkeit verhinderte ein n stallisieren. jedoch gab das 


Zers 


xX R 
XI R Zers 
eln ausgekochte X richtige Analysenwerte. Das neunkernige; Dinitril 


mit Osungsmitt 
2230/cm im IR-Spektrum weitgehend dem 


XI entsprach mit seinet Nitrilbande bet 
fiinfkernigen Dinitril VIII (Fig. 1). Das Gebiet der aromatischen CH-Wagging- 
schwingungen beansprucht Ubrigens hesondere Aufmerksamkeit. Die Bande des 1,4- 
findet sich bei 855 bzw. 856/cm kurzwellig verschoben, 


d-substituierten Benzolkerns 
Oxdiazolkernen 


wofiir wohl die Elektronenanzichung seitens Cyanogruppen und 


verantwortlich ist. Die beiden Banden oberhalb 700/cm treten schon bei Diaryl- 


oxdiazolen auf: ihre Herkunft ist noch unklar 


1° F. N. Haves, B. S. Rogers und D. G. Ou. J. Amer. Chem. S 
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R=H 96% d Th 
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in vier Reaktionsstufen—bei jedem Schritt werden zwei neue aromatische Kerne 
wurde somit vom Terephthaldinitril aus die nonacyclische Verbindung 


angegliedert 
XI aufgebaut. Ein auch beziiglich det Ausbeuten dhnlich leistungsfahiges Duplika- 
tionsprinzip zu! Svnthese von Polyarylen findet sich nicht beschrieben. Die Gitter- 


energie. die zu cinem Schmelz- bzw. Zersetzungspunkt gegen 480° fiihrt, hat allerdings 


in XI ein solches Ausmass erreicht, dass kein | Ssungsmittel fur die erneute Umsetzung 
der Nitrilgruppen mit thiumazid gefunden wurde 
Durch Einbau von thyl- oder Alkoxygruppen hoffen wir, das Duplikations- 
verfahren zur Synthese wesentlich héhermolekularer, definierter Polyaryle mut 
nden Benzol- und Oxdiazolker iterfiihren zu kOnnen. Kern” hat in der 
Reihe d tarke Zunahme d hkeit durch Methyl- und Methoxy- 


Modelle zum 


abwecnsc 
Polypheny 


grupper 


envitetrazol und p-Cyan- 
hen. Das 


ritt steht de! 
zu 


Bercitung 


im Oxdiazol-Ring- 
rwartete intermole 


in siedendem Xylol 


zustande nites rstoff- und Suckstoffabspaltung entstand cin hellbraunes 
mikrokri IR-Spcktrum dem der definierten Oligomeren, 


7.B. X. ahniich ist emuten. dass es sich um cin Gemisch der Polyaryle XV 


. 


handelt: dic nihere Bearbeitung stcht noch aus 


re 
246 
— 
aufgezcigt. Die héheren Oligomeren von Al soliten gute . 
vergleichender studiul Kalischner -igenschatten ibgeben 
Auch der cinseitige Aufbau von Polyarylen, von 5-P PF | 
q 
| 
xi + > 5% Th 
Dem Nachteil der Angliederu nur einem Ring pro Reaktionss | | 
Vortec grésserer struk r Variation gegenuber Man gclangt hi 
Polyaryvlet rader Z aromatischer Kerne; dic Méglichke: der 
grosset t prul 
schiuss ert rin Funkt en in der gleichen Molek« Dic 
Lulare Wechselwirkung zum Oligo- und Polymeren-Gemisch kan 
New 
| 
N Ny j 
N : 
Ky XV 
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(C) Die Lichtabsorption von Polyaromaten mit alternierenden Benzol- und Oxdiazol- 
Kernen 


Die Konjugation in p-Polyphenylen lést mit steigender Kernzahl (n = 2-6) eine 
bathochrome Verschiebung der langwelligen Absorptionsbande aus;"' wie bei Poly- 


enen konvergieren die Bandenmaxima. In der m-Polyphenyl-Reihe sollte die Unmég- 
lichkeit chinoider Grenzformeln die Koppelung der 7-Systeme drastisch einschranken. 


Tatsiichlich fander illam und Hey" das langwellige nsmaximum lagekon- 
stant von n 2-16: bei den héheren ! tzt n additiv aus 


der der Bipheny!-Bausteine zusammen 


3.4-Oxdiazolkeri 


H. Hey, J. Chem. S in 19 it Theorie vel. J. N. Murre 


1955) 


‘ 4* 4 a« 
_ 
. 
4.4) 
4 
\ 
| | 
> DLitray kt RB | 
| | 
Ps Uber Grenzformeln des Typs XVI sollte der |, i, zur Leitung det 
"A. Gillam un nd H.C. Longuct 
Higgins, /bid. 2552 


J. Sauer, R. Huscen und H. J. 
WELLIOE ARSORPTIONSMAXIMA VON MIT ALTER- 


Dimethviforma nud 


og Sovers 


i | Alang | inact man 1 der Reihe der 
der Zahl der aroma st ine Rotverschicbung 


uit 


Dass die Maxima sogar zahlenmiissig denen der Polyphenyle 


nd. Das 2 isubstiturert ..4-Oxdiazolsystem ent 
orption der p-Phenylen 

Die spektralc hn keit von 2-Phenyl- und 2,5-Diphenyl-1,3,4-oxdiazol mut 
oder Mitteil. beschrieben.® Die Fig. 2 ilustriert 


Biphenyl und Terphenyl wurde schon he 
: fiir die vier- und fiinfkernigen Systeme. Die Tabelle | bietet die 


dic gleiche Bezichunsg 
Bandenmaxima mit ihren Extinktionen. Das p-Novipheny! als Gegenstiick zum 


248 
Osungsmutte a \ 
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neunkernigen System X, dessen Lichtabsorption wegen der geringen Léslichkeit nur 


qualitativ aufgenommen werden konnte, ist unbekannt. 


EXPERIMENTELLER TEll 


Versuche zur doppelseitigen Duplikation 
Terephthalsdure-dinitr nithaisaure wurde in warmem wassrige! ik gelost und zur 
Trockne rists ammonium-terep! lak wul bis zur Gewichts- 


aonstanz 


4.4 lia 5 mMo vurden mit 
C yan-be my dp. 143 rr) in | wasser 


freem Pyridin il a tar ite dl re (7Zung mit nan zu 5 il den 


103, 115 (1952) 


= 
3 
= 4 Die innig verriebene Mischung von 31-2 ¢ des Diammonium-salzes mit 120 g Phosph« rpentoxyd 
wurde n Sc verth n Wasserstrahivak t frever Flas ne ernitzt ter Verfart ing und 
: aa Aufblahen verf! ’ cn das (set cT Das Sut t und rasch erstarre le Dest it wurden fein 
gepulvert und mit war rigen A th rmals zur Entfer saurer Anteile digeriert 
. Da iriickbleibende. | 218-220 schmelzende phthal-dinitril war fiir die weitere Umsetzung 
genugend rr (I 223 Ausbeute 19 
| .4-DiAltetra \ 42 Terepht re- tr 0-32 Mol) wurden mit 65 ¢ 
Natri iid (10M Litl cl i »M 100 cc ~Glvk omethylather 
i> aan 172 Stdn unter Riich rekocht. Nach | n in 600 cc Wasser wurde von etwas Ungeléstem 
abt rt und ) k S rt At D Krist Rohprodukt 
wurde abgesaugt W er sche Vak. Uber Phosphorpentoxyd getrocknet: 64 
(9 S } ter Das art \ ch osen aus 
D forma 4 00 Das IR-Spekt K Br-Pressling 
b t ler NH-\ rte B if das Nebeneinander 
er er H-B ent | ‘ B n 705. 734 und 
Ber C 44-R¢ H 2-8 
C 4471 H 299 
Stich rh H des Tropt 
‘ M W \ \ Tt 
fil { | i] \ 1) vitor nia 
kamen hy 299 Nak 0) 
( ( 212 H 38 N 15-29 
G ( ».3 H 405 N 15-03 
|,4- Di-(24p- VII). Bei det ren | tzung von 
0-64¢ \ t | Nitro-! ler S Krist tion des 
Produkt D \ te Vil 17 selbes Kristallpulver, 
we 15.40% lic rte B Umldésen aus 
sicdendet Nitrobe rac 
C..H,.N,O, (4564) Ber. C 57-89 H 2-65 
Get C H 2-71 
F. Kaufler, Ber. Dtsch. Chem. Ges. 24, 1877 (1901) 
Ww. G.I R. A. Hens nd R. Lo t, J. Amer. Chem. 80, 3908 (1958) 
ie ‘Vel. W. Ott Ci Ber. 89, 2887 (1956) ‘ 
Aw 1s JN. Asli H. J. Barber, A. J. Ewins. G. Newbery und A. D. H. Self. J. Chem. Soc. EEE 
geben Schmp. 65 a 
: 
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theoret. Wert. Es wurde in 2 | Wasser cingegossen, abgesaugt, griindlich ausgewaschen und getrock- 


36-1 @ VIII (87°, d.Th.). Eine aus Benzonitril umkristallisierte, farblose Probe mit Schmp. 
Die CN-Valenzschwingung findet sich im IR-Spektrum des KBr-Presslings 


$7? 


712. 743, 857, 966, 1018, 1075, 1110, 1413, 1496 und 1572/cm. 


net 
395 wurde analysiert 
bei 2240/cm. Andere starke Banden bei 


(416-4) Ber. C 6922 H291 N 
Gef. C 68-93 


1,4- Di-[2-methyil-1 iazolyl-(5)\-benzol. 0-642 V entwickelten in 1Scc siedendem Acetan- 
hvdrid rasct uival { toff. Beim Erkalten schieden sich farbl. Prismen aus, die abgesaugt 
und mit Aceton gewaschen wurde! 0-65 ¢ (90°. d. Th.) vom Schmp. 261 262 Umkristallisieren 
aus Athanol erhéhte den Schmp. nur unwesentlich aul 262-263 

(242:2) Ber. C. 59°50 
Gel C §9-56 


(IX). 250¢ Dinitril wurden 
240 Stdn. am Riickflusskihler zum 
?| Wasser ur Ansiuern mit halb- 
Absaugen und 

12°. d. Th.) 

das farbl. Praparat 

IR-Spektrum (KBr- 


ind 1640/cm 


Suspen- 
Innerhalb 
welbe kri- 
ete Zerset- 


sorgtaltig 


C 69-52 
Im CH-Wagging-Gebiet des IR-Spektrums gehen dic Bander ind 718/cm vielleicht auf die 
monosubstit rt lic be: 855/cm aul die d bstit 1 Be 
ya 1-benzoyl- 
listandigen 
ltene, schwach 
die Substanz war nicht 


die Nitrilbande liegt bet 


Versuche ur lig r Polyaryl-Kette 


2?-Phenyi- 10-ph vdiazol (X11). Unter den friiher beschricbenen Bedingungen 


brachten wir 3:5 n -{ ol mit 5-0 mMol p-Cyan-benzoylchlorid zur Reaktion. Das 


zu oF d.Th. erhaltes m aus Athanol in farbl. Nadeln mit Schmp. 191-191-5 Das IR- 


hande bei 2226/cm: die Bandenfolge zunehmender Intensitat bei 


Presslingsspek 
965, 1018 und | ndet bei allen 2.5-disubstituierten Oxdiazolen. Die CH-Wagging- 
schwingun Ss p- ituierten Benzolkerns ist aufgespaiten 856 und 87l/cm. Weitere starke 
Banden liegen bei 685, 708, 739 und 778/cm 

H.N.O (247-2) Ber. C 72°87 H 367 


Gef 72-62 H 367 


20-18 
| 
mit 14°5 80-pr Litl nazid 600 cc Dimethylformam« 
Sieden erhitzt Das Di-tetr IX gas sic esse 
konz Salvsaure volumino susschied. war schwer vi W 
; zweimaligem Auskochen mit viel Wasser wurde es bei 150 | 15 Pe! 
Das | kristallisieren gelang durch Hilsenextraktion mut sic 
rerscetzt 1900 Nebe ger starke nd breiten 
Pressling) kriaftige Banden bei 711, 726, 850, 992, 1074, 141¢ 1440, 1486, 1574 
(5025) Ber. C 57-36 H 280 
Gef. C 5697 H 333 er 
sion von 2-01 IX 2U cc edendc!t Pyrid reagicric rec via CNZOVICHIOTIC 
1.97 t Dasb hra 
weniger Std wurde 194 cc. d 1-97 Molaquiva Stick ntwick¢ | 
ta Produkt (2°38 tsprecl d.Th.) war in allen Solventien unldslich und 
anespunkt gegen 465. Ein mit Dimethylformamid und mit Pyridin ausgekochtes und 
ere vi nan } 
getrocknetes Praparat wurde analysiert 
C,.H..N.O, (654-6) Ber. C 6972 H 3-39 
analvsenrein zu erhalten. Das IR-Spektrum ist frei von NH-Schwingungen ; 
2240/cn 
4 it 
oy 2 
5 
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1-(2-Phenyl-| 2°49g (10mMol) wurden 
mit 1-68 g Natriumazid und 1:22 g¢ I ithiumchlorid in 20 cc Methylglykol 130 Stdn. riickflussgekocht. 


Die iibliche Aufarbeitung gab 2°80 g XIII (97% d.Th.); aus Methanol kristallisierten feine farbl. 
Nadeln, die bei 268° unter Zersetzung schmelzen 


(290-3) Ber. C 62:06 H 3-48 WN 28-95 
Gef. C 62:00 H 3-60 WN 28-70 


| ,4- Di-[2-phenyl-| ,3,4-oxdiazolyl-(5)|-benzol (V1). 0°74 g XIIL wurden mit | cc Benzoylchlorid in 
20 ccm Pyridin wie oben umgesetzt (69 cc N,, 1-08 Molaquival.): 0°89 g VI (95% d.Th.) vom Schmp. 


299 


312°. Umldésen aus Dioxan steigerte den Schmp. auf 322°. Mischschmp. und IR-Spektrum erwiesen 


die Identitat mit dem Produkt aus V und 2 Benzoylchlorid (S. 249) 


Thermolyse des 4-[Tetrazol yl-(5)|-benzoylchlorids (X1V) 


1-90 g 5-[p-Carboxy-phenyl]-tetrazol’ (10 mMol) wurden mit 10 mMol Thionylchlorid in 20 cc 
trockenem Xylol 4 Stdn. unter Riickfluss gekocht. Das bis zum Schluss heterogene System wurde im 


Vak. vom Solvens befreit. Dem hellbraunen Riickstand liessen sich mit siedender 2n Natronlauge 


0-84 g des eingesetzten Tetrazolderivats entziehen Der alkaliunlésliche Anteil (0-89 g) entsprach in 
der Schwerléslichkeit der Verbindung X; oberhalb 390° farbt sich das Produkt dunkel und verkohlt, 
ohne zu schmelzen. Das IR-Spektrum zeigte schwache NH-, OH- und Carbonyl- Absorption; starke 
Banden bei 720 und 854/cm, schwache Bande bei 79 


Der Deutschen Forschungsgemeinschaft und den European Research Associates (Director Dr. R. H. 


g der Untersuchung aufrichtig gedankt. Fiir die Messung der 


Gillette), Briissel, sei fur die FOrderun 


UV-Spektren danken wir Herrn H. Huber an unserem Institut 
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CYCLODEHYDRATION OF DIPHENYL-TRIFLUORO- 
METHYL-CARBINOLS 


KALUSZYNER 
tific Departn 


(Rece 


Abstract 


nism explains 


fluoro- 

ne same 

picture us in colour): 
however, resulting 
solution 


It is interest 


foes a lode 


According lo product 


fluoromethylfluorene This reaction ts analogous 


fluorene-9-carboxylic acid.* 


Print n Northern Irelar 
wernt 
Scirer acl M strv Defence 
I sp luorene der tives for SCUSSC 
Di-( p-HALO¢ ARBINOLS (1) fated SUCCeESSIVCLY 
with concentrated suly ric acid and water (oT ol) are ¢ verted | 3-halo 
seno-6-hvdroxy (or methoxy)-9-trifluoromethylfluorenes (11), by mechanism whicl 
~~ = In the present paper an attempt is made to deter! e scope O is reaction ee 
formed under the above conditions into 
chiorine i1ton | orop vica ) eparea an ( 
gousity trom oroactophenone, when tre ad wil phuric acid and then 
with methanol or wate rave 3-methoxy- and 3-hydroxy-9- uo ethylfluorene 
a. (11, X H.R CH, or H), respective the pre sly suggested reaction mecha 
re id itelv this course of tl reactio 
x R 50.C_H 
that also the unsubstituted uncer- 
tei BEE hydration reaction, when treated with concentrated sulphuric ack 
Obtained in low yield, is 9-tr 
the conversion of benzilic to 
S. Cohen, J. Amer. Chi 9, 1499 (1957) 
aa S. Col 1A.K i rientia 13, 236 (1957) 
tee D. Vorlaender, Ber. D ( Ges. 44, 2467 (1911 


Cyclodehydration of 


The product formed from di-(p-fluorophenyl)-trifluoromethyl-carbinol and sul- 
phuric acid underwent with ethyl mercaptan a reaction analogous to that occurring 


with water or alcohols. Although the expected 3-ethylthio-6-fluoro-9-trifluoromethyl- 
fluorene could not be induced to crystallize, the corresponding sulphone (II1), formed 
from the crude reaction product with hydrogen peroxide, was well-defined and gave 
correct analytical figures. 

The previously described* di-(p-chlorophenyl)-pentafluoroethyl- and -heptafluoro- 
propyl-carbinols behave exactly like the ‘responding trifluoromethy! compound. 
Successive treatment with sulphuric acid and methanol gave tw mpounds which 


uoroethyl- 


% 
253 
of ee according to their analyses and spectra, were 3-chloro-6-methoxy-9-penta fl iii 
and -9- heptafluoropropyl-fluorene, respectively 
. . The structure of the products obtained in the cyclodehydration reactions was 
deduced from the inira-read and uilra-vioiet spec a The ALLCI CSC C1Osely tilat O 
fluorene derivatives.’ It was found that the compounds II (R i H or Cl) 
a showed an infra-red C—-H frequency at about 3400 cn It is suggested that this 
a frequency IS due to the ¢ H bond 1 e ¥Y-pos ) acetviene, to isa J sually 
Se igh ¢ H frequency (3271 5 cl Expe ents of our ov > sho a 
structurally similar to I], at 3400 cn 9.9-diphe rene, cks ydrogen 
EXPERIMENTAI 
Found: 67-54; MR, Calc } 35M rOx\ OS (¢ F), 752 (€ ( cn 
nd: C, 55- H, 3-2. C,,H,CIF,O re 
met f li, X ( R CH \ ‘ ol toreg 
214 
4-21 302 (3:70 308 (3-74 ; $20 (¢ H 265 (Ar—O—CH 4 
1038 744 (¢ ( Found: C, 60-7: H, 3-5: 3 Calc. f C,.H,CIF.O: ¢ 
60:3; H, 3-4; F, 19:1 
‘ sulphate and distilled. The carbinol forms a ¢ CSS f b.p. 120-125°/3 mm. Yield, 15 ¢ (71 
AS * A. Kaluszyner, S. Re d E. D. Bergm: { ( Soc. 77, 4164 (1955 
* R. N. Jones and C. Sand { ». 387. Interscience. New York (195¢ 
G. W. H. Scherf and R. K. Brown, 38, 69 
: A. Sykes, J. ¢ Tatlow and ¢ R. Thomas, ¢ / 1955 
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1-5180; 1-331. MR, Found: 61-46; MR, calc.; 61-82. 3450 (hydroxyl), 1163 (CF), 1065 
(Cc (Found: C, 62-6; H, 4-1. C,,HyF,O requires: C, 62:2; H, 3-7%) 

The acetate was prepared by heating for 3 hr at 100° a mixture of the carbinol (0-5 g), acetic 


anhydride (4 cc) and sulphuric acid (2 drops), decomposition with ice and recrystallization of the 


organic product from methanol. M.p. 70-71". 1770 (carbonyl), 1175 (CF,), 1024 (C-—F) 


(Found: C, 61-7; H, 43 requires , 61-5; H, 39%) 
3-Methoxy-9-trif 1 luorene (11, X H,R CH,). A mixture of the foregoing carbinol 


(1 g) and conc sulphuric acid (2 ) was shaken for | hr and the coloured solution added dropwise 
was added, whereupon crystals of 

urified by recrystallization from 

) — 3400 

262 (4°14); 

13-64) 310 mau (3-85 ou F,O 


ym the carbinol (1, X H, 


xd was extracted 


ard reagent prepared 
cc) was 

4 ¢) in toluene 
ng was 

the 

2mm: 


(Found I 


acid, melted at 45-47 
the colour changed 


by cither treating this 


powdered dipheny! 
mir 


ul ne 

1 off and 

1 by recrystal 
(3-90); 271 my 

requires 


enyl)-per tafluoro- 


allowed to 


4-24) 
© requires 
od was obtained from di-(p- 
as described above. 
266 mu (4-00); 
requires C, 51-2: H, 


mixture of di-p-fluorophenyl)-tri- 
fluor ctl ind siphuric a ; ) was shaken nically for 3 hr, then 


added an st ng, t hy! mercaptan (100 ¢) at O The colour of the first drops faded 


requires: 68:2; NH, 42 ,) v 
Le y F) and conc suly ric acid (20 cx s poured onto crushed icc The comp eo 
4 with ether and the « re e recrystallized fi carb tetrachloride to yield 0-3 g (32°,) of the 
compour p. 174 280 1C,—H 165 (CF,) cm 213 (434); 
236 (4-2 263 (4-14); 27014 290 (3-45); 305 (3-65); 312 mu (3-73). (Found: C, 66°8; H, 3-7; 
F, 22:3. C,,H,F,O8 re C, 67:2; H, 3-6; F, 22°87) 
(o-€) ‘ j arbis loa ition of the Grig 
added and the 1? | | roacctopnelr 
further ined Alter dex vill ce and sulp ri 
ether yer d « he carbi vas obtained as a ye sh onl 
vield, 9 (31 80 ydroxy 1I6S(CF,): 1040 $2 Cl)cm 
i 
i 19 C,,H, CIF requ 199 
The acetate prepared fr cart swcetic anhydride and sulphuric 
= 
(Found: C, $83; H, 3-5. C,.H,,CIF,O, requires: C, 58-5; H, 3 
| rb leo ix ric ox iV i deep-purple solut 
wit! fe re No defined material could be obtained 
(60 g) was added in portions 
trifluor rt } rtar and the rated e red-t 
dried t 190.7 of 2 produc was extra i with hot thar 
nerated trat worene which was 
lization fr aC yield, 0 np »S-171 ae 
(3-90 2941 +23 106 n Found: C, 71-8; H, 40; F, 
ethvyi-cart ind 1 (60 cc) wa ken mechanically for 3 
sta cr added, droy " d wit! g. tor 200 « 15-10 The methanolic 
solut red the duct recry ed from petroleum ether (b.p. 60 
(3-75 n +98). (Found: C, $53: H, 31. 
H.2?9 
Chloro-6met! fluorene This compo 
7 chioror ta yi-cart ‘(8-4 and conc sulphur 
Yield, 22 ¢ (ft pet ether 0.p. 
273 ma (4-00 3-88 Found: C, $1:2; H, 2:8. C,,H 
a4 : 


Cyclodehydration of dipheny|-trifluoromethyl-carbinols 255 


quickly, but soon a second layer was formed, and vigorous stirring was required to bring about this 


change. The mixture was added to excess cold water, the organic layer separated and subjected to 


distillation, first at atmospheric pressure, then in vacuo in order to remove some diethyl disulphide. 
The residual oil could not be induced to crystallize; it was dissolved in glacial acetic acid (20 cc) and 
oxidized to the sulphone with 30°, hydrogen peroxide (5 cc) on the water bath for 30 min. After 12 hr 
at room temp, the solution was diluted with water and neutralized partially with sodium bicarbonate, 
whereupon crystals of (111) separated ; yield, I-1 g 
(32°). They were purified by recrystallization from a petroleum ether—chloroform mixture and 
subsequently from ether; b.p 137-138-5°. (Found: C, 55-6; H, 3-4. C,,H,.F,O,S requires: C, 
55-8: H, 3:5°,) 
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NAPHTHAQUINONES—Il 
DERIVATIVES OF NAPHTHALENE-2,7-DI01 


R. D. WILSON 


Abstract 


Tetrahedron, 1960, V it, pp. 2% 6S, Northern Ireland 
a 
: ApPort Wellington Road So Stock port 
J \ f 
lis wT 
cadet W cel cid a nter 
n f | n product case. aS also 
— lect vl It appea en, that, in the preparation of 
irioro uc in tine Medium 
: pre ya cicated Dciow 
hindrance t ibstitul position of | 1.6-dibromodiol would make the 
i}, if t ght to be 
5 
an N. M. I A 6, ( thstr. 31, 1022 (1937) 
‘R.H.1 10 P. B.D M 1 J. H. Ridd, Ay Substitutior 
19 Hf P 103, 352 22); E. S. Lewss and M. C. R. Symons 
Quart. R 12, 242 (1958 
2s 
as 


Naphthaquinones 


Br 
OH 


inaiene 

oxy-1.4- 

formula 


e results of, first, 


econdly, the bromina- 


tion of 2.7-dimethoxy-!.4-naphthaquin wl »-bromo- (Il) and 3-bromo- 


imethoxy-|,4-naphthaguinone (111) were pre “dd is to be noted that these 


180. Butterworths, 
B 

L. F. ‘ 
*P. B.D. dela ud logenation p. 185. Butterworths, 


London (1959) 
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Br 
- 
Br 
Br 
=i 
HC OH 
Br 
Br Br : 
. HO OH 8 HC OH 
+ HBr 
Br Br Br 
| 3} 6&tribromo-cor the a product fur er brominatio! Re rarding the 
en Dy duc e pr atu ip ile diol witl 
4 three moles of bror DC! ole of } ew he rex he 1.8 
cne-. giol wo ror ) 
“4 Ethvlation o 6-dibromodi ford crud ateria tine at about &5 
In pr nary worl o obtain a pure 
1 Methylation of as been shown to e a product 
ler ‘ ip Thus it ts 
By chromatography 2.7-d thoxy 4 : du yne has been prepared in a purer 
state than heretofor No pur mp I olated from this oxidation ol 
di ne use Of a difierent oxidant yicided tne expected 
quinone a one i products 
2 
Oxidation of the product of direct monobdromination OF iimet! 
nas aespitc the use ¢ romatograpny tit Ooniy i bromo-Z. 
naphthaquinone, which ts concluded to have the structure (1) Assigi 
: (5-bromo-3.6-dimethoxy-!.4-naphthaquinone) is compatible with 
the axidation of end. 
; ; * See Ref. 1 on the result of the oxidation of 1.3.6-tribromo-2,7-dimethoxynaphthalene 
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Naphthaquinones 


Number of Percentage of Thickness of 
compound in KBr disk (mm) 


. Name of compound 
spectrogram 


6-Bromo-2,7-dimethoxy-!,4-naphtha- 0-3 
quinone 


3,8-Dibromo-7-methoxy-1! ,2-naphtha- 


quinone 


glyoxal 


oxonaphthalene 


5 1-0 
hydroxy-2-oxonaphthalene 


* The spectra were obtained with a Grubb—Parsons double-beam spectrometer, using a KBr disk. 


two compounds would be the only likely significant quinones from the oxidation of 
the product of monobromination of the dimethoxynaphthalene, if the claim of Ioffe 
and Fedorova. that monobromination of the 2,7-diol gave the 3-bromo-derivative, 


were correct.” 


The oxidation of 1,6-dibromo-2,7-dimethoxynaphthalene' has been repeated, and 
it has been possible to isolate purer specimens of the quinones (II, [V) and also an 
acid (V). The structure (VI) was previously’ attributed to the 1,2-quinone (cf. the 
conversion of |-tetralone into 1,2-naphthaquinone*). The determination of the con- 
tents of bromine, oxygen and methoxyl group now shows this to be incorrect. It is 


* T. Shoji, J. Pharm. Soc. Japan 79, 1034 (1959). 
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interesting that, while the monobromodimethoxynaphthalene yields, on oxidation, 
the quinone with the bromine atom retained in the z-position, the dibromo-ether gives 


the 1,4-quinone with the z-bromine atom removed by the formation of a carbonyl 


group (cf. the oxidation of the dichloro-ether'). The latter result may be related to 
the inductive deactivation, by the 6-bromo-substituent, to electrophilic attack by the 
oxidant.’ From the oxidation of | however, both 
1,4-quinones (VII, VIII) were obtained. It is possible that the 7-methoxy-substituent 
in 1,6-dibromo-2,7-dimethoxynaphthalene impedes sterically the lateral displacement 
of the 6-bromine atom that may be necessary for the attack in the 5-position by the 
oxidant. The formation of the |,2-quinone (IV) by removing the 7-methoxy-group 
from the d modimethoxynaphthalene then a ars t > the preferred mode of 
oxidation the it} iring tni itl cn he oxidation of 6- 
tribromo-2,7-dimet ynaphthal hich t eric situation is even more 
conge 

ildehydic and ketonic mono- 
carboxylic acid ¢ pectre an ; rn ; rong nds at wavelengths of 5-6, 
$8 and 7 npatible with 1 he lation of the dibromo-ether seems 
likely, from t ng discu nt olve preferential attack on the ring with the 
x-bromo-subst he bands at | | 2-( rest 1.2.4.5-tetrasubstitution 
as Opposed to tl ossible 2.3,4-tetrasul ti he d h would arise 
from rupture of the ring | in bro ibstituent nder the influence of the 
methoxy! group e ring 1s then expectec occur between the and 


} 
2-Carbdon aton I an ro yornnamic 


further oxidation 


Coupling with diols 
So far no success has attended eflort: identil vy reduction, the dyes prepared 


~ 


liazonium chloride with |-bromonaphthalene-2.7-diol and 


by coupling p-nitrobenzened 

the 1.6-dibromodiol he products of coupling themselves appeared to be 
impure*, but in one case, from the reaction of 1,6-dibromonaphthalene-2,7-diol with 
the diazonium chloride, t analytical results suggest that the compound IX was 


formed. The coupling involving the displacement of the bromo-substituent (as in the 


wm. & Ind. 377 (1960) 


2nd Ed Methuen, London (1958) 4. D 


Butterworths, London (1960 


4 
4 
. 
— 
— 
acid, whiecn, on 
might give the compound \ 
NO 
N 
Br Me HO OH 5 
: 1° W. A. Waters, Quart. Re 12, 290 (1958); I. Necsoiu and C. D. Nenitzescu, C/I oe 
E. Bernatek, Terrah 4, 21 58 
Cross, Introduction to Practical Infrared Spectroscopy. 
: 
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coupling of 1-bromo-2-naphthol’*."*) thus appears to occur to a significant extent 
despite the presence of the unsubstituted 8-position in the dibromodiol. 

loffe and Fedorova’® considered that the dibromodiol gave a bisazo-dye containing 
two atoms of bromine in the molecule. This result might be accounted for by the 
displacement of the x-bromo-substituent as hypobromous acid,"® which, in the absence 
of thiosulphate, rebrominated the dye in the available 3-position. The product of such 
a reaction in an alkaline medium" would be, after acidification, 3,6-dibromo-1,8-bis- 
p-nitrobenzeneazonaphthalene-2,7-diol. In relation to this work the effect of thio- 
sulphate on the yield of the bromine-free dye from the coupling of diazotized p-nitro- 
aniline with 1-bromo-2-naphthol” is emphasized. 


EXPERIMENTAI 


Purification of \,6-dibromonaphthalene-2,7 


Crude dibromodiol (199 g; m.p. 152:5—153 ) was prepared as previously rom naphthalene-2,7- 
diol (101 g). Recrystallization from benzene, o-dichlorobenzene, or aq us acetic acid (5 vols acetic 
acid : 2 vols water) seemed unpromising 

Some (5-38 g) of the product (m.p 2°5 ry llizing tv rom benzene gave, 
with a mixture of nzel ml) and chloroform (74 ml), a solution wh vas rom graphed on 
i column of alumina ( cm high 3 mind eter ! produced fror i S} on of 
a light cream-coloured band ving the remainder of the colu he latter band was divided into 
3 equal Ol of vas extracted wit vt acetic acid h ivent was removed from the 
extracts, and the re lues were treated separat wit Ot acetic acid and d ur ng charcoal. Hot 


filtration was followed by d iO! viln water rive precipitate I h were filtered off ecrystal- 


lization of the product (« m a solution of acetic i 2 vol) in wat vol) and then from glacial 


gave a product with 


Transbromination 
(1) 1,6-Dibromot thale 2.7-diol (0-55 m.t 3 wcetic acid (2-8 ml) and hvdro- 
bromic acid (1-4 m v/w HBr; le 
The cold produc a ltered (filtrate A) I the residue wa sne A cet ack filtrate 


B). leaving a solid (0-20 g: m.p. 185-5—195-5 ), which was extracted with boiling wat he aqueous 


+ M.ps are correct ost of the microana s were carried out through Dr rnhardt, Milheim 
Germany 
SV. Vesely 


B.D. dela Mar J. H. Ridd, Aron tiov enation p. 114. Butterworths, 
London (1959): E. Silov and N. Kaniaev , 
17 R. D. Wilson, Thesis for the Fellowship of tl 


Wee 
Precipitate W m.p 
(a) From top third of band 0-85 ¢ 142-148 
(b) Fror idle third of band 0-89 g 145-148-5 
fe (c) Fror third of band 2-04 ¢ 155-5-158 
: acetic acid afforded minute white needles (0-55 g) of 1,6-dibromonaphthalene-2,7-diol, m.p. 163 
163:S° with sublimatior Found ( H, 1-9 Br, 50-¢ Cak r H.Br.O C, 37°8: 
H 1-9 Br. 50-3 Crvsta ition (from benz re cf. ref. 3) of a specime melting at 162 162-5 
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extract was cooled and filtered, to give about | mg of residue, m.p. about 149 , and a filtrate which 


yielded only a trace of solid on removal of the solvent 
on by boiling water melted at 190-5-196°5°. Repeated crystallization 


white needles of 1 ,3,6-tribromonaphthalene-2, 7-diol, m.p 207-208-5 
3-5: H. 1-6. 1:3: Br, 601. Calc. for C,H,Br,O,: C, 30-3; 


The solid left after extract 


from acetic acid afforded minute 


with sublimation. (Found: C, 30 


25 mi with water. Filtration yielded a residue 


the solvent. gave 0-09 ¢ of material, most of which 


Removal of chloroform from the solution afforded only an 


n toluene was chromatographed on alumina Toluene 


eno residue. The column showed 


nd was discarded, whilst the others 
ibsequently removed from the extracts 
lation to top of column) were treated 
and then the solvent gave 

i¢) was treated with hot 95 
trate afforded a light grey solid (0-04 g; 
ating for | hr under similar conditions, 


500 mi with water, to 


of hydro- 
1 (reflux 


acid 


nediol 
(M.p 


f2N NaOH 


2 N NaOH 


Br, 43-0 


dr 


last crystallization 
The reside | ed m i sond 81-9] Chromato- 
grapt and, © | mina, of a solution in 
benzene did not 


suggested mixtures of mono- and di-ethy!l ethers of the dibromodiol 


ition of a pure compound. Analyses (in particular, for ethoxy! group) 


2 
(C) and a solution, which, Dy remov 
was dissolved by warm 
The residue (C; 019g; m.p. 142-143) 
fy was used for development. Removal of solvent from the ¢ 4 P 
x four bands, which were extruded. The narrow brownish-grey 
a were extracted separately with hot acetic acid, the latter Deir . 
ee at 70-100". The products from the second and third bands | 
“4 ethanol (charcoal). Filtrat d addition of water to the a 
mp 54.4 probably nure d hromod | 
7.24 mr <1.4_1462.-6 
I) mp. I ind a rate, which was Ciluted 
| 145-14 | fa mixtur f D and E in the proportions 
 - a had been yielded (28 $3 mg) was 142:5-145-5°. Repeated crystallization (charcoal) oo 
fT) fr | iteria at xed iri compound, 
nt 65 b t br f the 2,7-d vas 199-200-5 ). A further crystalliza 
‘ te 1 0-47 205-5-206°5 (Found: C, 
H, 1-5 Repeated cryst yn (charcoal) of E from acetic acid gave a product, 1-01 g; m.p 
‘ 
tor The if wi ered rive ly a trace of 
| ><) nd the res , filtered off 
06-208 Mixed with tribr ipht . 
\ xture 6-dibr halene-2,7-d S2¢: mp. 151-5-153-5 ) dissolved in 
\ kK t \ 65 ad diethyl s e (9 3 mi) 
7 0 i srated hy remov f distillate (40 liluted with 
water to 25 40 for 2 hr. Addition (60 receded further 
he 40° t und f the residue with water afforded a solid (7:1 
filtrat 1? a boul acetic ached and filtered, to icave te Crystals 
mp. i154 Recrystall tion from acetic acid gave 
1 na alene as plat p. 1545-155: with pure di- 
H, 3-8; Br, 42-7; 24 
ae 
a The filtrate (F) vielded oling, a solid, which, by crystallization from 95°, ethanol and then ead 
4 
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1 ,6- Dichloro-2,7-dimethox ynaphthalene 


1,6-Dichloronaphthalene-2,7-diol (designated earlier* as 
lene”) was prepared by the reduction, with zinc and acetic acid, of 1,1,6-trichloro-1,2-dihydro-7- 
hydroxy-2-oxonaphthalene,'’ previously® thought to be the 1,1,8-trichloro-compound (spectrogram 
(4); the spectrogram (5) of a related dibromotrichloro-compound is also shown). Methylation of the 


dichlorodiol (0-17 g) with dimethyl sulphate in aqueous sodium hydroxide gave a product (0°10 g), 


m.p 142°. By recrystallization from acetic acid (charcoal) were obtained prisms, m.p. 143 and mixed 


m.p. with the product’ of dichlorination of 2,7-dimethoxynaphthalene 142:5-143-5 


2,7- Dimethoxy-| ,4-naphthaquinone 

2,7-Dimethoxynaphthalene (9:34 g) was oxidized as previously The resulting mixture was 
diluted with water (400 ml) and extracted repeatedly wit! 1 .2-dicl oethane, the last extract being 
colourless. The solvent was removed from a act after drying (Na oO give a solid (3-92 g) 
4 solution of this u hi rotorn (100 ml) wi nat Tape maiumina LOT nent by chloro- 
form \ led fiv mali brow! nds att top of th nn al i ) tom, a broad yellow band, 


which was elute moval of t ‘vent from the eluate gave an orange-yel d (1-75 g), m.p 


711 he oduct f rect tal nf na a 1 Vv wit! ] 1s sodium hydro- 


215° (Found 


ynaphthaler 
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| 
ov: 
gen carbonate and then with water. The resultant yellow | (1-46 g) melted at 215-216" with 
belies \ “i of 214-52] tained wlth 9 4 phthaquinone 
Se. * sublimation mixed m.p. of 2 21 is obtained w 2,7-dime iy aquinone, 
m.p. 66:2: H, 5-0. Calc. for C,.H,O,: C, 66-0; H, 4-6°,), formed from 2,7- 
by another cuident.* 
Bromo-2.7-dimethox) thalene 
2.7-Dimetho nhthalene (20-2 ¢) was n ited by the n d pre described.* ti 
five a product ) m.t | iw 
hi form. 7 ion 
, 
Oxidation of | a, 
; 7 produce a prec 0-4? n. below 169 Chr f dt te a pure 
writ tr 
mixt was 4 exter | | | 
ceded filtration and washing of the residuc (R water 
a * R. Adams, M. W. Miller, F. C. McGrew and A. W. Anderson, J. Amer. Chem. Soc. 64, 1795 (1942) 
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“~— acid, the hot mixture being filtered to give a residue (P). The cold filtrate yielded a precipitate (0-7 ¢g) 
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Mos ine esidue ¢ cK giu nate The 
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Abstract — I he 


hanism involving 
is formed by 


found with s- 


the major product of the ‘atment of neopenty! 


m alkvis..». This unique reaction is the more striking 


tives are reported in the Wurtz reaction* or in the 


with sodium ethyl. thanks to the higher analytical 


cyclopropane derivatives are 


les with sodium ot 


ide cyclo 
), in addition to 
cl \yicyclo- 
‘r cent) and cis-2- 
the isomerization 

in significantly larger 

o be compared with those 
exclusively as the 
a trace ol methvicyclo- 


her and methyl 


isobutyl el 
ve isobutylene and no 


produce n ethylcyclopropane 


} 


1! 
we Ssnall 


return later. The 
lcyclopropane under any con- 

primary chlorides with y-hydrogen can now 
cyclopropanes when treated with sodium or 


rivatives 


xroduction of the cyclopropanes has been formulated as a 
His first proposal, involving homolytic elimination by 
wav of an x.y-diradical, was followed by an ionic elimination involving 


y-proton by sodiun 


removal of a 
and an intramolecular ring closure of the displacement 
A. H. Pop l 2. Pfister, J. Amer. Chem. Soc. 61, 1616 (1939) 
\. H. Poph ternstein and J. P. Wilkins timer. Chem. Soc. 63, 124 (1941). 
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d Chem. 142, 207 (1935) 
O. Haag am . r 82, 387 (1960) 
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Sterling ¢ 
reaction of appropriate primary alkvl chlorides with sodium or potassium gives cyclo- 
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idition to pr : bserved hydrocarbdor Through the use of tritiu d deuter- 
propa cs, aac pre ed 
‘ rh sertiot ito a carbo vdrog hond. Isobutv! 
L- i ition. N elimination (as reflected by cyclopropane production) is 7! 
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Cyclopropanes from 1°-alkyl chlorides by «-elimination 
—Eblmination CH.H~ 


CH,.CH 


a —Elimination 


r=) 


type. Since removal of protons by sodium alkyl from hydrocarbons is an unknown 


reaction.® one would consider a concerted version of proton removal and displace- 
ment as energetically more attractive. 
Taste 1. C,H, PRODUCTS FROM 2-CHLOROBUTANE AND ALKALI 


METALS 


1-Butene 
trnas-Butene 
cis-Butene 


Methylcyclopropane 


Another mechanism involves «-elimination by abstraction of an «-proton, loss of 
chloride ion and intramolecular insertion of the resulting carbene into the y-carbon 
hydrogen bond. The credibility of the first step is not demonstrated by directly analo- 
gous reactions, but rather by extrapolations from related reactions. Removal of 
2-proton is very easy with chloroform where three chlorine atoms stabilize the resulting 
carbanion;’ in methylene chloride with only two chlorine atoms to stabilize the 
resulting carbanion, the proton can still be removed, albeit only by the action of the 
stronger bases of the alkyl lithium type; 


in alkyl chlorides, even stronger bases would 
be required, since the resulting carbanion would now be stabilized by only a single 
chlorine atom. Indeed, Hill et a/. find some «-elimination in the conversion of n-octy| 
bromide to octene-1 with sodium amide in liquid ammonia and employ «-elimination 
with terminal step b (Chart 1) as explanation.” The second step, the loss of chloride 


® See, however, A. I. Shatenshtein, L. N. Vasil’eva, N. M. Dykhno and E. A. Izraelevich, Dokl. Akad. 
Nauk SSSR. 85, 381 (1952) 

7 J. Horiuti and Y. Sakamoto, Bul/. Chem. Soc. Japan 11, 627 (1936). 

®* G. L. Closs and L. E. Closs, J. Amer. Chem. Soc. 81, 4996 (1959) 

* D. G. Hill, W. A. Judge, P. S. Skell, S. W. Kantor and C. R. Hauser, J. Amer. Chem. Soc. 74, 5599 (1952): 
S. M. Luck, D. G. Hill, A. T. Stewart, Jr. and C. R. Hauser, J. Amer. Chem. Soc. 81, 2784 (1959). 
See also U. Schéllkopf and M. Eistert, Agnew. Chem. 72, 349 (1960). 
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jon, is exemplified by the intermediacy of dichlorocarbene’ and chlorocarbene.* The 
third step, the insertion of the alkylcarbene into the ; -carbon-hydrogen bond, is the 
typical reaction of carbenes, more commonly observed, however, as the intermole- 
cular" rather than the intramolecular reaction." 

To define the mechanism, the fate of deuterium in the reaction of |-chloro-1,1- 
dideutero-2-methylpropane (the labeled isobutyl chloride of Chart 1) with sodium was 
determined. This mode of attack on the mechanistic problem follows that used by 
Hill e¢ al. in their investigation of «-climination.” The labeled isobutyl chloride was 
prepared by a two-step sequence involving reduction of ethyl isobutyrate with lithium 
aluminum deuterid i treatment of the resulting 1,1-dideutero-2-methylpropanol-| 
with thiony! was isolated in pure form by preparative g l.p.c. and was 


found by mass spectrographic ana s to consist of YU per cent dideuterated material. 


When this chloride was treated with sodium metal, monodeuterated methylcyclopro- 


pane was produced I Ss than r cent of dideuterated material. Since y- 
nination would lead « ivel uterated material a .-elimination followed 
ly to monodeuterated 
is compatible with the 
-d confidently that less than 2 per 
ed along with ther 
C formed by 
ly one deuterium 
ill retain both d 
predominated (67 per cent) 
angement and insertion within 
ich assurance, because of the high 
In this connection, 
\ inhibits the production ol 
isobutane 
hened by noting (Table 2) 
with sodium 


position ol toluene- 


the extent to which 
n leads to more 


of 


14a8 a measure 


a 
‘ 
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F 
ait 
- parallels that observed by Friedman and Schechter in the decom iii 
eee An estimation of mitude of the isotope effect has been obtained from 
pos experiments ust! ritius ibeled isobutvl chloride. The results are shown in Table 3 
7. From the identity e activities of the isobutane and isobutene tn the lithium re “ 
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tion ac t of the react By crite! on pota 
7 -climination than sodiun On the assumptions that the ratio of the activity @ 
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of the activity of the Chio;riae) ts proportional the rate ol z-climination ol 
- 
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hydrogen, and that the possibility of a difference in the ratio of /- to «-elimination in 
isobutyl chloride and tritium-labeled isobutyl chloride may be ignored, a simple 
calculation leads to ky/kKy 1-6. A more refined calculation involving a correction 
for the second assumption leads to a value of 1-9. This isotope effect is surprisingly 
small and may be compared with a value of 15-5 for #-elimination in isopropyl 
by the method of Swain 


716 


bromide (calculated from the observed k,,/k,, ratio of 6°7 
et al.**). 


TABLE 2. COMPARISON OF THE SODIUM-ALKYL CHLORIDE REACTION WITH THE ALKALINE 


DECOMPOSITION OF ALDEHYDE TOSYLHYDRAZONES 


Hypothetical carbenes oducts in RClNa NNHTs 


CH,CH 


CH,CH 


‘thylcyclopropane can be ascribed either to the 

z-hydrogen or to the inability of the resultant 
lithium chloroall loride 1 and to form the carbene he reaction of 
lithium isopropyl with methylene chloride according to Closs® leads to isobutylene 
(79 per cent) and met! cyclopropane (21 per cent). It 1s apparent that lithium alkyl 
has added to chlorocarbene forming lithium 1-chloroisobutyl which has then lost 
chloride ion to form the carbene and thence methyleyclopropane. The failure of 


lithium in the reaction of isobutyl chloride is thus due to the inability of lithium iso- 


butyl to remove «-hydrogen.* 
EXPERIMENTAI 


Reactions of alk hlov th alkali meta Reactions were carried out nl, three-necked 
flask the reflux 
condenser was s under mineral 

American 


is also obtained 


| 
an 
propen 6 
propene 
CH met cyclopropane 5 
butene-| 9? 
“al 
CH,),CHCH methylcyclopropane 35 45 
: enc 
(CH,),CCH 
TaBLe 3. RELATIVE RADIOAC (TIES® IN PRODUCTS FROM THI 
RE AC ION OF If | iYLP PA 
sobutane 1-00 1-10 1-29 
sobutene 1-04 0-79 0-70 
methyvicyclopropane 0-64 0-63 
isobutyv! chioride 
Chemical Society, september, | C Vews 38, 8, 54 (1960), 
eyciopropal der reactio Lik Vil methylene chlor de 
16 VY. J. Shiner, Jr., J. Amer. Chem. Soc. 74, 5285 (1952) 
ae, 17 C, G. Swain, E. C. Shiver 1. F. Reuwer. Jr. and L. J. Schaad, J. Amer. Chem. Soc. 80, 5885 (1958). : 
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Taste 4. MASS SPECTRA OF ISOBUTYL CHLORID# 


unlabeled labeled 
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oil, washed with solvent and transferred to the flask. After sweeping with nitrogen and heating to 
reflux, the alkyl halide with more solvent was added from the dropping funnel. A slow stream of 
nitrogen was passed through the mixture during the reaction. In most runs, 20 mmoles of alkali metal 


and alkyl halide in 10 ml cyclohexane were used. When the liquid in the dry-ice trap did not increase 
any more (ca. 3 hr with lithium and sodium; 0-5-1 hr with potassium) the trap was disconnected and 
any excess of alkali metal decomposed with methanol. Water was added and the organic layer washed 
several times with water. The Wurtz hydrocarbons (C,H,,-,)2, the only products remaining in the 
solvent were separated by g.l.p.c. on a 2 m OX column (Perkin—Elmer) or a 4 m silicone column 

The contents of the dry-ice trap were analyzed by g.l.p.c. at room temperature on a 1/4", 6m 
column consisting of a polyether (CH,(OCH,CH,),O€ H,] on firebrick. Samples of the liquid con- 
densate were drawn directly into a syringe wder to avoid fractionation. ¢ ycloprop ines and other 
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unknown sult ntified by theu Ss spc i It has been shown that, for a wide range 
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The absolute configuration of 1 ,2-dimethyicyclopropane 


prior collision with inert gas and then react with discrimination favoring 2° hydrogen 


over 1° by a factor of about 1-7. In the reaction of alkyl halide with sodium, the 
intermediate carbene ts § ated in a way’ which is not expected to produce methylene 
with ¢ ss energy. In th t exami tion h 2° hydrogen ts favored by a 
factor of 1-9 reaction with ydrogen 1 ation can be considered to 


he photolysis 


buten 

The absolute iiguratior ) rrans-1|,2-dim yl lopropane may now be 
deduced. Its cont ation relative to ( 2-methylbuti -| lear enough. Neither 
by analogy with known reactions nor by application of current mechanistic theory 1S 


there reason to suspect that the conversion to chloride and its subsequent closure to 


cyclopropane would jeopard the assymetric center In any way. 


* F. v Falkenhausen and ecuberg, Biochem , 482 (1931) 
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The absolute configuration of trans-1,2-dimethylcyclopropane 


the absolute X-ray configuration and the present chemical interrelationship is a 
strikingly simple addition to the subject of absolute configuration. 


EXPERIMENTAL 
(—)(1R:2R)-trans-1,2-Dimethylcyclopropane. The starting material, (—)(S)-2-methylbutanol-1, 
was obtained by the fractional distillation of enriched d(— )amyl alcohol and had [x];,’ —5-71° (neat). 
The most reliable value for pure alcohol is —5-88°.* 
This alcohol was converted by thionyl chloride in pyridine according to Brown and Groot® to 
(S)-1-chloro-2-methylbutane, +1-66° (neat) 


The cyclization was carried out without solvent by adding 21-2 g (0-2 mole) (+ )amyl chloride 


gradually to 4-6 g (0-2 mole) sodium in a flask equipped with a short Vigreux column, a condenser and 
a dry-ice trap. A slow stream of nitrogen was passed through the mixture. After all the chi ride had 
been added, the temperature was raised to 150 for 1 hr. A total of 6-1 g (44°.) material boilir 
40° was collected 

For analysis, g.l.p.c. on a 6 m column of polyether was used. The products with 
areas follow isopentane (140); 2-methylbutene-1 (60); strans-1,2-dimethy 


nr 


ethylcyclopropane (16-5); 3-methylbutene-] (3); and a small, unidentif 
retention time of 2-methylbutene-2 and cis-1,2-dimethylcyclopropane 
| ,2-dimethylcyclopropane were isolated and identified by their mass spectra I were measu 
on a Consolidated Engineering Corp., Mass Spectrometer Model 21-401 at 70 

When the cyclization was carried out in 50 ml cyclohexane, 42:4 g (0-4 m 
was added to 9:2 g (0-4 mole) sodium fast enough to maintain § | 
by replacing the short column by g 
boiling below 40 wi ollected f t contain lohexane, t ‘ido hydrocarbons 
was 17:5 ¢ (63 termine tl n of th ict four analyses on t »m polyether 
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(26:2); and ethylcy 
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methylcyclopropane lution of Sg of th n i c onding to 3 9 trans-1,2- 
dimethylcyclopropane) m up to ml with diethylene glyco nethylether (diglyme) had an 
observed rotation o | 

The fraction, b.p. 2 ) , was ther n trated by | ng through a 2", 4 ft prepara- 
tive silicone column (which fa to resolv opropan ym its adjoining neighDors, tsopentane 
and 2?-methylbutene- 
6 m polyether column -n Ibutene-3-and 2-met iten were fully r iived near neighb rs) 
A solution of 54:3 mg trans-|,2-dimethylcyclopropane ip to 2 nl v 5 g diglyme 
had « l 
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THE PHOTOCHEMICAL INTERCONVERSIONS OF 
PROVITAMIN D, LUMISTEROL, PREVITAMIN D 
AND TACHYSTEROL 
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Abstract— This papc 


ibelled provitamin D 


the (pre)vitamin D 


(p)HO 


formation led to the conclusion that the scheme of the photochemical formation of 


vitamin D from provitamin D via lumisterol and tachysterol, as given by Windaus 


E. Havinga, A. L. 
For a review see H. H. I 
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The photochemical interconversions of provitamin D, lumisterol, previtamin D and tachysterol 


(Fig. 1) and commonly accepted for twenty years, could no longer be upheld.' Even 


upon incorporation of the discoveries of Velluz concerning the occurrence of pre- 


vitamin D and the reversibility of at least some of the reactions,” the old picture could 


not give an adequate description of the experimental results. New schemes were 


suggested but short-cut attempts to prove the correctness of one of these gave no 
definite results. 
It was necessary that a complete analysis of the reaction mixtures obtained with 


different irradiation times from each of the isomers concerned should be undertaken. 


In this manner the necessary data for unravelling the pattern of simultaneous and 


consecutive reactions that occur during prolonged irradiation of, for example, pro- 
vitamin D solutions could be obtained. This work was started in 1956. 

Solutions of each of the four isomers ergosterol (E), lumisterol, (L), tachysterol, 
(T) and pre-ergocalciferol (P) were irradiated with light of suitable wavelength. In 
each case the composition of the reaction mixture as a function of degree of photo- 


chemical conversion was determined ; ‘reaction was chosen sufficiently low 


to avoid the complicating “film effect’’ resulting from inhomogeneity of the irradiated 


solution. 


E was determined by pr 1 with digitonin he ntratior P was found from the 
increase in ultra-viole up. For T, a direct 
spectrophotometric deter: m at 313-320 mu proved to be adequat was not determined 
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to form different products (E and L, respectively). Later in this paper, the mechanisti- 
ly 


cally important difference between excited cis and trans isomers, also observed in the 
case of stilbene.’ is referred to. 
(b) The photostationary state 


If the scheme represented in Fig. 4 


si-Stationary state. For; 
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INFRA-RED INTENSITY MEASUREMENTS ON 
DIAZOCOMPOUNDS 


FOrFANI, C. PeciLce and S. GHERSETTI 


Institute of Physical Chemistry, Padova University, Italy 
(Received 14 June 1960) 
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spectroscopical and photochemical study of diazocompounds has recently been 
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Infra-red intensity measurements on diazocompounds 
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